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y increased  at  a considerably  higher  race, 
resulting  in  declining  catch  rates,  over  investment  and  a potential 
for  over  exploitation  of  the  spiny  lobster  stock. 

This  dissertation  was  designed  to  evaluate  the  current  level  of 
resource  use,  determine  the  maximum  sustainable  and  economic  yield 


economic  and  firm  harvest  analytical  models  were  developed  and  esti- 
mated. Maximum  sustainable  yield  was  estimated  to  be  approximately 


Politico!  and  social  considerations  often  make  the  maximum  economic 
yield  not  a feasible  management  alternative.  In  this  cose  an  analysis 
of  input  (firm  and  trap)  substitution  was  completed  and  presented  for 
alternative  input  and  output  levels.  Resulting  cosc,  revenue  and  pro- 
fit levels  were  determined  for  alternative  program  levels. 

Specific  management  programs  considered  in  the  analysis  Include 
licensing,  quotas  and  a harvest  rebate  program.  For  each  program, 
maximum  yield  levels,  costs,  revenues  and  profits  were  determined.  For 

and  related  sources  of  revenue  were  analysed. 


CHAPTER  I 
INTRODUCTION 

e Florida  spiny  lobster  (Pnnulirus  areas)  is  produced  in  the 
ocean  waters  and  is  easily  distinguished  from  its  northern,  eold- 
eusin,  the  American  lobster  (Homarus  anericanusl  by  its  lad:  of 
iOd  relatively  smaller  sisu.  Over  the  past  forty  years  the 
i spiny  lobster  has  developed  from  a casual  food  source  of  the 

Second  only  to  shrimp  as  a seafood,  spiny  lobster  landings  in  Florida 
exceeded  11  million  pounds  in  1973  with  an  estimated  retail  value  of 
over  AC  million  dollar:,.  Over  1,100  licensed  fishermen  landed  lobsters 
in  1973.  Florida  represents  approximately  99  percent  of  U.S.  spiny 
lobster  loadings  (Appendix  A).  The  Florida  spiny  lobster  fishery  is 


r increasing  number  of  problems  that  require  ii 
the  legislature,  regulatory  agencies,  : 

;ic  underlying  forces  creating  problems  within  this 
: demand  given  the  relatively  fixed  supply  of  stock. 

.v  a preferred  item  in  seafood  markets  and  restaurants. 


ifts  in  demand.  The  demand  for  spiny  lobster  is  highly 
it  inelastic  with  respect  to  Its  own-price  elasticity 
(11).  U.S.  consumption  currently  accounts  for  approxl- 


of  fishing  regulation.  Conservation  directed  regulations  presently  pro- 

areas,  and  specify  a season  which  protects  n 

industry  gives  reason  for  concern.^  In  the  last  20  years  the  number  of 

1952  to  394  in  1972  (Council  of  Economic  Advisors  |18],  Bell  [3]).  Num- 
ber of  vessels  began  increasing  at  an  increasing  rate  around  1965. 
Simultaneously  capital  and  labor  inputs  began  to  Increase.  From  1965 
to  1972  firm  members  increased  over  80  percent.  Use  of  other  inputs 
since  196S  also  increased  substantially:  Number  of  traps  by  242  percent; 
number  of  traps  per  firm  by  60  percent;  and  number  of  fishermen  by  101 
percent  (Appendix  R,  U.S.  Department  of  Commerce  [49],  [50]). 

Landings  Increased  from  956,000  pounds  in  1952  to  over  5 million 

million  pounds  or  16  percent.  Pounds  landed  per  trap  averaged  213 

to  1972  dollars  generated  per  trap  decreased  from  $28  to  $21;  annual 
landings  per  firm  decreased  from  20,301  pounds  to  13,069  pounds;  and 


Until  1975  approximately  50  percent  of  spiny  lobster  landings  in 
Florida  were  harvested  from  the  Florida  domestic  fishery.  The  remaining 
50  percent  wore  harvested  in  foreign  water  fisheries,  primarily  the 

reported  an  Florida  "east  coast"  statistics. 

In  1975  the  Bahamian  government  closed  its  fishery  to  U.S.  fisher- 


During  tlie  1952-72  period  when  total  revenue  increased  et  a de- 
creased rate,  costs  of  inputs  used  in  the  fishery  steadily  increased 
due  to  upward  shifts  in  the  demand  for  inputs.  But,  in  recent  years, 
input  costs  skyrocketed  primarily  due  to  rapidly  increasing  inflation 

major  inputs  used  in  this  fishery  (Barnhart  [2]).  The  CPI  (1967  base) 
for  petroleum  products  was  108.9  in  1972  and  increased  109.5  points 


and  increased  11.8  points  between  1973  and  1974.  CPI  representing 
engines  used  in  the  fishery  was  117.9  in  1972  and  increased  31.0  points 


Information  on  costs  of  inputs  and  returns  for  the  1973-74.  spiny 
lobster  season  was  acquired  in  a survey  of  captains  of  spiny  lobster 
boats  and  vessels.1  In  1959  the  average  spiny  lobster  craft  ranged  from 
fourteen-foot  wooden  skiffs  that  were  either  rowed  or  powered  by  an  out- 


board motor,  to  larger  wooden-hulled  craft  ranging  in  length  from  26  to 
36  feet  and  powered  by  125  to  150  horsepower  gasoline  and  diesel  engines. 
Average  cost  of  the  skiff  began  at  5150  while  average  cost  of  the  engine 


the  survey  of  25  captains  was  completed  in  October,  1974.  The 
random  sample  was  stratified  according  to  length  of  boat  and  area  of 
fishery  with  confidence  levels  of  90  percent.  Individual  strata  were 


engines  approaching 


500  h.p.  Average  cost  of  the  hull  for  this 
sample  was  S3, 7*8.  The  range  was  from  $400  for  a sixteen-foot  fiber- 
glass skiff  to  over  $20,000  for  wooden  and  fiberglass  vessels  with  a 


Spiny  lobster  captains  surveyed  in  1974  claimed  the  costs  of  petro- 
leum booed  products,  such  os  polyethlenc  rope,  styrofoam  buoys  and  fuel, 
were  triple  1973  prices.  Engine  costs  were  increasing  at  the  rote  of 
15  to  25  percent  per  year.  Fiberglass  boats  were  increasing  in  cost  at 
similar  rates.  Because  of  the  shortage  of  cypress  lumber  the  cost  of 
cypress  lath  for  trap  construction  was  also  increasing.  In  addition, 
the  introduction  of  sonar  and  other  fish  locating  devices,  hydraulic 
pullers,  and  other  harvesting  improvements,  has  substantially  increased 
the  capital  investment  which  the  commercial  lobster  fisherman  must  make 

man  represents  a substantial  increase  in  investment. 

location  problem  . . . "over-investment"  in  capital  (gear  and  craft)  and 
labor  (fishermen) . Too  many  inputs  arc  employed  to  produce  a relatively 
fixed  supply  of  spiny  lobsters.  This  is  reflected  in  the  substantial 


increases  in  inputs  (traps,  vessels,  and  gross  tonnage)  compared  with 
the  increase  in  landings,  the  broad  over-investment  problem  of  the 
fishery  begins  with  the  fishermen.  Capital  and  labor  investments  in- 
crease at  the  fishermen's  level  due  to  (1)  a struggle  to  overcome  a 

function  creating  negative  externalities  to  the  fishing  firm  or  producer. 

As  a consequence  of  this  increaseing  level  of  effort,  a second 
problem  of  the  fishery  that  may  be  occurring  is  one  of  "over-exploita- 
tion" of  the  fishery  stock.  Decreasing  stock  levels  can  cause  serious 
long-term  damage  to  the  fishery  and  welfare  of  fishermen. 

Objectives 

The  overall  problem  is  defined  as  one  of  resource  allocation.  The 

alternatives.  Optimal  allocation  may  entail  protecting  the  stock  from 
reaching  a level  beyond  recovery  as  well  as  regulating  economic  factors 
of  the  fishery. 

The  specific  objectives  are 

(1)  To  identify  the  major  factors  affecting  the  quantity  of 

function  of  the  Florida  spiny  lobster  fishery; 

(2)  To  evaluate  the  potential  substitution  between  specific 


Florida  spiny  lobster  fishery; 


(9)  To  evaluate  the  impact  of  selected  management  programs 

combination  of  inputs  used  by  firms.  Specific  programs 
considered  are  limiting  licensing  of  firms  and  traps, 
establishing  landings  quotas,  and  a harvest  rebate  program. 
The  results  of  this  study  will  provide  a basis  for  establishing 
guidelines  for  managing  the  Florida  spiny  lobster  fishery.  The  focus 
is  on  the  analysis  of  management  strategies  which  might  help  reduce  the 
coat  and  difficulties  of  regulating  effort.  In  addition,  study  results 
can  be  conceivably  viewed  as  a case  study  applicable,  at  least  in  ap- 

for  both  long  and  short-run  decision  making. 


Spiny  lobsters  landed  in  Florida  are  harvested  from  the  domestic 
Florida  spiny  lobster  fishery  and  foreign  water  spiny  lobster  fisheries. 
Mora  than  95  percent  of  spiny  lobster  landings  harvested  from  the  domes- 

proximately  50  percent  or  more  in  past  years  of  all  spiny  lobster 
landed  in  Florida.  Without  the  Bahamian  fishery,  landings  from  Monroe 

quently,  although  the  scope  of  this  study  is  defined  as  the  Florida 
spiny  lobster  fishery,  the  data  for  the  empirical  analysis  are  delin- 
eated as  that  of  the  Florida  Keys  or  Monroe  County,  Florida. 


of  theoretical  and/or  applied  bioeconomic 


scotch  is  presented  in  the  next  chapter.  The  theoretical  model  is 
presented  in  Chapter  III  while  the  data  and  empirical  model  are  presented 
in  Chapter  IV.  Results  of  the  analyses  and  their  practical  interpreta- 
tion ore  given  in  Chapter  V.  Four  management  alternatives  and  resulting 
policy  implications  are  reviewed  in  Chapter  VI.  Chapter  VII,  the  final 


CHAPTER 


LITERATURE  REVIEW 


Introduction 

Previous  empirical  spiny  lobster  (Panulirus  argus)  research  is 
summarised  and  some  major  theoretical  and  empirical  bioecunomic  manage- 
ment studies  are  capsuled  in  this  chapter.  This  information  is  the 
minimum  necessary  to  understand  biological  and  psychological  relation- 
ships considered  in  the  design  of  management  programs.  Furthermore, 
existing  laws  must  be  understood  before  alternative  programs  can  be 
considered  and  thus  they  are  reviewed  in  this  chapter.  Hone  of  the 
empirical  bioeconomic  studies  consider  the  spiny  lobster  fishery,  but 
they  do  include  analyses  of  management  strategics  which  may  be  appli- 
cable to  the  spiny  lobster  fishery.  Several  recent  bioeconomic  studies 
such  as  Bromley  [8],  Fullenbaum  [26 j,  and  Van  Heir  [53]  contain  extensive 
and  thorough  reviews  of  past  theoretical  and  empirical  studies.  This 
chapter  contains  a review  of  selected  theoretical  concepts  and  empirical 
studies  directly  applicable  to  this  study.  The  reader  is  referred  to 


the  spiny  lobster  (Panulirus  araus) . Several  empirical  studies  deal 
primarily  with  biological  characteristics,  environmental  conditions 
and  physical  production  analysis  of  fishing  craft,  gear,  and  techniques. 


Scientific  research  in  the 
(Allen  II],  Barnhart  [2],  « 


I.S.  on  spiny  lobster  began  as  eai 
id  Crawford  [19]),  hut  it  was  not 
i Florida  spiny  lobster  fishery  w? 


by  the  Marine  Laboratory  at  the  University  of  Miami  (Smith  (42,  43]). 

Cope  117],  Butler  and  Pease  [9],  Dees  [22],  Chislett  and  Yesaki  [15], 
and  Ting  [46]). 

the  fishery,  and  state  regulations  of  the  fishery.  Several  other  stud- 
ies published  since  1958,  including  Butler  and  Pease  [9],  Chislett  and 
Yesaki  [15],  Cope  [17],  and  Ting  [46],  updated  some  of  Smith's  findings. 

Butler  and  Pease  [9],  and  Chislett  and  Yesaki  [15]  determined  the 
feasibility  of  developing  spiny  lobster  fisheries  off  coasts  of  Panama 
end  Jamaica,  respectively.  Although  they  primarily  compared  types  of 

Cions  were  documented.  Cope  [17]  analysed  alternative  gear  and  fishing 
techniques  in  the  Florida  fishery.  Finally,  a recent  study  by  Ting  [46] 
analysed  the  potential  for  spiny  lobster  cultivation  from  a physical 
production  standpoint  but  alluded  to  economic  implications.  The  infor- 
mation obtained  from  these  studies  is  briefly  summarized. 

The  Florida  spiny  lobster  (Panulirus  arcus)  is  one  of  30  species 
distributed  nearly  world  wide  in  tropical  and  sub-tropical  waters. 

They  differ  from  the  Northern  cold-water  lobster  (Homsrdie  family)  in 
that  they  lack  Claus  and  have  long  antennae  for  sensing  food  and  danger. 
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They  are  smaller  and  have  numerous  spines  covering  their  back  (cape)  for 
protection  against  many  natural  enemies.  The  average  legal  sire  landed 
in  Florida  weighs  approximately  one  and  a quarter  pounds  and  is  10 
inche.i  long,  although  in  1968  maximum  lengths  of  17  inches  and  weights 
in  excess  of  10  pounds  were  not  infrequent  (Dees  [22]}. 

Spiny  lobsters  generally  feed  at  night  on  a wide  variety  of  foods, 
primarily  small  crustaceans.  They  also  forage.  During  the  day  they 

cannibalism  when  crowded.  Growth  is  primarily  dependent  upon  the  en- 
vironment. As  body  weight  of  the  spiny  lobster  increases  the  hard  outor 
shell  is  sbedded.  This  shedding  of  the  shell  is  called  molting  and 
oocurs  several  times  throughout  the  life  cycle.  The  body  weight  in- 
creases approximately  5 percent  during  each  molting  stage.  Although 
younger  lobsters  molt  more  frequently,  it  take3  approximately  five 
years  for  them  to  reach  legal  sire. 

Female  spiny  lobsters  do  not  begin  reproducing  until  they  reach  a 
length  of  eight  to  nine  inches.  An  night-inch  spiny  lobster  can  produce 
approximately  50,000  eggs  compared  with  500,000  eggs  produced  by  a 14- 
iach  lobster.  In  Florida,  mating  occurs  February  through  June  in  shal- 
low waters.  The  eggs  arc  hatched  in  deeper  water  three  weeks  later,  ir 
takes  the  yeung  larvae  three  to  six  months  to  conform  to  the  shape  of 
the  adult  lobster.  At  this  stage  the  young  lobster  drops  to  the  ocean 
floor  and  is  approximately  7/8  inch  long.  The  mortality  rate,  from 
hatching  to  this  stage  is  hypothesised  to  he  over  99  percent. 

Water  temperature,  food  supply,  reproduction  nnd  weather  influence 
tlu-  migration  of  spiny  lobsters.  Usually  migration  occurs  between  deep 
and  shallow  water  but  sometimes  migration  is  north  in  the  summer  and 


Extremely 


cold  weather,  extended  periods  of  'in- 
seasonable  weather,  or  still,  calm  weather  can  caese  lobsters  to  migrate 
to  deeper  water  (Smith  [43]).  This  Is  contrary  to  the  findings  of 
Butler  and  Pease  [91  that  spiny  lobsters  prefer  placid  waters.  Smith 
[43]  also  reported  that  spiny  lobsters  are  believed  to  have  migrated 
over  1,090  miles  but  generally  do  not  migrate  over  five  miles. 

tto  evidence  is  available  to  Indicate  whether  they  migrate  over  deep 
straits,  but  It  is  believed  that  long  movements  lead  to  a gradual  mixing 
which,  over  time,  results  in  an  equalisation  of  the  stock.  Consequently, 
the  biological  stock  of  a geographical  area,  characterised  by  a deep 
water  perimeter,  ahould  be  treated  as  a single  unit.  As  such,  changes  in 
any  port  of  cho  fishery  will  eventually  affect  the  whole  fishery.  Con- 
versely, as  part  of  llie  fishery  becomes  "fished  out"  it  will  replenish 


maximum  exploitation  of  most  spiny  lobster  stocks  in  the  Caribbean  have 
been  reached,  with  the  possible  exception  of  the  southern  edge  of  the 
Caribbean  Sea  (Idyll  f313). 

The  major  portion  of  commercial  lobster  landings  in  Florida  ate 
harvested  at  depths  of  less  than  50  feet  using  wooden  traps.  At  least 

season  which  Inals  from  August  1 through  March  31.  Generally,  one  to 
three  fishermen  per  craft  fish  200  to  1,000  traps.  Length  of  the  craft 


it  can  be  fished  without  bait.  However,  freshly  baited  traps  are  pre- 
ferred. There  appears  to  be  no  difference  in  landings  between  traps 
baited  with  cowhide,  which  lasts  longer,  and  traps  baited  with  fish. 
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than  ovet  four  days.  Traps  settling  on  the  bottom  collect  silt  and 
foreign  matter,  which  past  experiences  Indicate  reduce  landings  if  the 
exterior  of  the  trap  is  not  brushed  every  few  days.  Landings  are  higher 


Butler  and  Pease  [9]  found  that  bottom  temperature  and  salinity 

more  lobsters  were  landed  than  in  higher  bottom  temperatures  of  the 
83"-85"F  range.  Also  in  a total  salinity  range  of  28'-3«°/00  landings 
were  higher  than  at  the  31“-32°/00  salinity  level.  Lobsters  will  not 
feed  when  water  temperatures  are  near  freezing  and  will  migrate  from 
locations  with  colder  water  temperatures  to  warmer  water  locations.  A 
study  on  surface  and  subsurface  water  temperature  shows  that  the  major- 
ity of  the  fishing  area  in  the  Florida  spiny  lobster  fishery  is  iso- 
thermal year  round  (Robinson  [39]).  This  means  Chat  in  depths  of  less 
than  50  feet  the  difference  in  the  bottom  temperature  and  surface 
temperature  is  insignificant. 

Aquaculture  of  spiny  lobster  is  possible  but  currently  not  economi- 
cally feasible  because  they  require  very  exacting  care  and  specialised 
conditions  (Ting  (A6]).  Spiny  lobsters  require  clean,  oxygenated  water 
with  a balanced  temperature  and  the  individual  lobsters  kept  separated. 
To  accomplish  this  requires  a large  volume  of  space  and  labor  and  thus 
a large  capital  investment.  The  growth  period  from  juvenile  to  market- 
ablc  sixe  is  approximately  three  years  in  an  arcifically  created  envi- 


Researchers  have  been  contemplating  bioeconomic  management  of  the 


fisheries  at  least  as  far  bock  as  the  1920's  as  evidenced  by  Rich's  [38) 
work  on  the  Gulf  of  Maine  fishing  grounds  in  1929  and  Russell's  [40] 
work  in  1931  titled  "Some  Theoretical  Considerations  on  the  'Over- 
fishing' Problem."  In  1943,  Herrington  [29]  considered  alternative 
methods  of  fishing  management  and  Nesbitt  [34]  investigated  the  biologi- 
cal and  economic  problems  in  management  of  fisheries. 

Major  theoretical  contributions  emerged  in  the  early  1950's  in  the 
writings  of  Schaefer  [41],  Gordon  [28],  Christy  and  Scott  [16],  Crutch- 
field and  Zellner  [21],  and  Turvey  [47].  These  antecedents  of  the  pasc 


of  four  management  objectives.  Schaefer's  biological  approach  was  con- 
cerned with  maximising  production  from  the  sea  in  a strictly  physical 


nomic  yield  concept  but  differed  to  a slight  degree.  Gordon,  and 

an  objective  of  maximum  economic  yield  above  costs.  Crutchfield  and 
Zellner 's  approach  was  the  sane  but  excluded  returns  due  to  monopolistic 
practices  in  order  to  maintain  consistency  with  federal  regulations  on 
monopolies.  Turvey  also  maximised  economic  yield  excluding  returns  to 


More  recent  research  deals  with  the  empirical  application  of  the 
above  concepts  and  with  some  refinements  to  the  theory.  Lanpc  [32] 
used  a dynamic  model  of  the  Cobweb  form  Co  investigate  the  intcrrcla- 


tiOlwhips  between  biological  and  economic  aspects  of  commercial  fisher- 
ies. Carlson  [11,  12)  developed  a theoretical  yield  function  by  inte- 
grating an  economic  production  function  with  a biological  growth  model 
and  distinguished  between  firm  and  industry  or  aggregate  production 
functions.  Van  Heir  [53]  demonstrated  that  landings  will  exceed  maximum 
sustainable  yield  (MSY)  as  a result  of  excess  effort  generated  in  a 
competitive  economic  system  such  as  the  George's  bonk  haddock  fishery. 
To  curtail  effort  at  MSY  he  suggested  free  entry  with  landings  quotas. 


labor  and  capital  cost,  or  quotas  placed  on  fishing  effort.  A problem 
inherent  in  all  of  these  alternatives  is  defining  a unit  of  effort. 

Smith  [44]  developed  a dynamic  competitive  model  of  the  interaction 
between  Che  number  of  firms  (investment)  in  a fishery  and  the  population 
of  an  exploited  fish  species,  which  included  crowding  externalities. 

Beil's  [3,  4,  5,  6)  empirical  research  dealt  primarily  with 
firm  analysis  and  illustrates  the  use  of  econometric  techniques  in 
marino  research.  Ha  attempted  to  determine  what  factors  influence  the 
rate  of  return  and  what  impact  their  variability  has  on  the  industry. 

A major  criticism  of  his  findings  is  that  the  estimates  will  not  with- 
stand rigorous  statistical  tests  primarily  because  of  model  misspecifi- 
catlon  and  lack  of  a randomly  selected  sample. 

After  on  extensive  review  of  literature  the  major  revelation  can 
best  be  explained  by  a quote  from  the  concluding  statement  of  the  ab- 
stract of  a dissertation  written  in  1969  (Bromley  [8,  p.  36])  — "The 
presence  of  considerable  uncertainty  in  a fishery,  and  the  lack  of  per- 
fect knowledge  on  the  part  of  biologists  and  economists,  renders  in  sweep- 
ing conclusions  of  traditional  writers  in  fishery,  and  their  subsequent 


policy  recommendations,  particular;-  vulnerable  to  Incrudellty."  Since 
the  timo  of  this  statement  considerable  documentation  of  theoretical  and 
empirical  marine  research  has  accumulated,  yet  one  has  to  agree  that  the 
quoted  statement  can  still  carry  conviction  today.  This  is  not  to  imply 
that  the  research  is  not  useful,  but  rather  that  a need  still  exists  for 
data,  authenticated  tools.and  methodologies  for  research  applicable  to 
the  bioeconomic  management  of  today's  marine  resources.  Many  of  Che 
vorks  to  date  develop  interesting  statistical  investigations  while 
others  hinge  on  highly  abstract  optimisation  criteria. 

The  major  reason  that  the  success  achieved  in  traditional  agricul- 
tural research,  particularly  in  estimating  production  functions,  has  not 
been  achieved  in  marine  economics  research  is  partly  due  to  basic  under- 
lying problems  that  have  yet  ro  be  solved  in  analysing  mo 


These  problems  relate  to  the  techniques,  assumptions,  and  empirical 
limitations  (i.e.,  lack  of  biological,  environmental  and  economic  data) 
and  are  characteristic  of  the  common  property  nature  of  bioeconomic  re- 
sources. The  very  few  exceptions  to  this  lack  of  success  have  occurred 
with  species  existing  in  what  may  be  termed  "closed  systems,"  in  which 
the  researcher  had  considerable  control  over  the  individual  variables. 

theoretical  bioeconomic  structure  of  the  fishery,  lack  of  appropriate 
biological  and  economic  data,  lack  of  multidisciplinary  research 
cooperation  in  designing  models  oriented  towards  a systems  approach, 
misunderstanding  the  needs  of  counterparts  in  a multidisciplinary  team. 


This  Is  evidenced  in  a recent  publication  edited  by  Sokoloski  [45 J 
in  which  several  researchers  addressed  the  issues  and  problems  encoun- 
tered when  dealing  with  research  directed  coward  managing  marine  re- 
sources. Sokoloski  defined  a critical  area  of  marine  resources  research 

tion  for  a given  fishery  and  current  management  arrangements.  To  empha- 
sise the  relative  lack  of  success  with  this  objective,  he  listed  several 
critical  issues  that  have  been  complicating  current  research  efforts. 

disciplinary  in  scope.  One  conclusion  drown  after  reviewing  this  publi- 
cation is  the  fact  that  substantial  uncertainty  exists  with  respect  to 
the  reliability  of  results  in  marine  economics  research  and  accordingly 

solved  before  sound  management  programs  can  be  developed  for  many  of  the 
species.  Determination  of  optimal  solutions  will  require  considerable 
time,  effort,  and  financial  resources. 

Pontecorvo  [35]  pointed  out  in  his  work  with  Pacific  red  salmon 
that  the  costs  of  improving  information  may  exceed  the  benefits.  This 
should  be  taken  into  eccount  when  deciding  the  value  of  increasing  the 
sophistication  of  models  designed  for  direct  applicability  in  managing 
a particular  fishery.  Consequently,  when  a researcher  is  gives  the  task 
of  developing  management  alternatives  for  a currently  existing  real 
problem  as  in  the  case  of  the  Florida  spiny  lobster  fishery,  he  is  often 
not  allowed  Che  luxury  of  exhausting  all  methodological  possibilities  in 

n economics  ar.d  marine  biology.  For 


example,  such  resources  include  production  functions  exhibiting  diminish- 
ing marginal  rates  of  return,  downward  sloping  demand  for  s commodity, 
and  the  bio-mass  or  population  of  a fish  species  which  is  in  part  depend- 
ent upon  its  environment  and  thus  exhibiting  a semi-sphere-shaped  yield 


Given  lack  of  data,  particularly  biological  data,  and  lack  of  pre- 
cise models  which  lend  themselves  to  rigorous  statistical  testing,  it 
would  appear  that  a reasonable  criterion  for  model  building  would  be 
"Occura's  razor,"  — the  simpler  the  better.  This  may  not  be  too  unrea- 
sonable since  statistical  testing  may  be  more  efficient,  the  results  are 
timely,  completion  of  the  project  remains  within  the  limits  of  the 

ing  more  resources  would  improve  the  results.  In  light  of  these  obser- 
vations, the  approach  for  this  project  presented  in  the  next  chapter 
does  not  attempt  to  improve  the  theory  or  apply  overly-sophisticated 
empirical  models  or  models  requiring  inapplicable  assumptions  or  data 
which  are  not  available. 


icarch  related  to  the  Northern  American  lx 
1 [3 ) : Bell  and  Fullenbaum,  1972  [7];  Dt 


considered  in  the  do 
publications  by  Bell 

of  different  types  o 


Icll's  publications  analyze  impacts 
programs  through  changes  in  a general 


additive  structural  production  function  ic  specified  as  an  average  pro- 
duct function.  From  the  estimation  a simple  parabolic  yield  function 
was  derived.  Number  of  traps  was  the  measure  of  a unit  of  effort. 


m [7]  developed  a production  function  which  wa6  de- 
rived from  on  integration  of  a logistic  growth  function,  an  industry 
production  function  and  an  industry  revenue  relationship.  The  model 
includes  a biomass  variable  over  time,  environmental  constraints,  total 
industry  cost,  a technology  variable  and  other  parameters  to  be  esti- 
mated, such  as  catching  power  of  a unit  of  effort.  Variables  for  which 
data  are  lacking  are  either  assumed  away  or  are  assumed  to  be  represented 
by  some  prosy  and  ultimately  the  whole  model  collapses  into  a simple 
second  degree  polynomial  equation  presented  in  Bell’s  earlier  publica- 


tions. The  model  appears  to  he 


considering  all  the  necessary  components 


snd  Barrlmea  [24]  utilised  this  model  and  Incorporated  undated  data  for 
the  bioeconomic  model  and  some  biological  information  on  the  Northern 
American  lobster  such  as  history,  migration,  disease,  etc. 

Huq  [30]  analysed  labor  mobility  snd  social  transfer  costs  of  three 

substantial  immobility  and  limited  employment  opportunities  exist  in  the 
fishery  and  thus  the  human  clement  must  he  seriously  considered  in  de- 
signing any  management  program. 

Finally , DeWolf  [23]  investigated  Canada's  lobster  fishery.  Bio- 
logical and  economic  bases  of  fishery  regulations  were  examined.  Also 
examined  were  the  economic  effects  nf  regulations  on  the  fishery,  such 
as  total  industry  value,  coral  landings,  and  not  return  per  fisherman. 


A $50  permit  is  required  for  all  persons  intending  to  catch  more 
than  24  lobsters  per  day.  The  permit  must  be  carried  on  the  person  at 

and  conviction  of  a permit  holder  for  violation  of  any  of  the  lobster 
fishing  laws. 

Florida's  management  program  includes  two  regulations  pertaining  to 
the  gear  and  craft.  The  first  is  that  all  gear  (traps  and  buoys)  and 
the  craft  must  be  permanently  identified  by  the  permit  number  and/or 

figures  on  the  craft  must  be  at  least  three  inches  high  to  permit  easy 
identification  from  the  air.  The  second  regulation  pertains  to  the 
specific  gear  requirements.  Wooden  traps,  ice  cans,  drums,  and  other 
similar  devices  may  be  used  provided  that  they  are  not  equipped  with 
grains,  spears,  grabs,  hooks,  or  similar  devices.  The  traps  must  be 
designed  out  of  wooden  slats  not  to  oxcced  3x2x2  feet  or  the  cubic 
equivalent.  Only  the  sides  of  the  traps  may  be  reinforced  with  16 
gauge,  one  inch  poultry  wire. 

Any  gear  used  to  capture  lobsters  must  be  marked  by  a buoy.  Up  to 
twenty  traps  car.  be  attached  to  a trot-line,  and  the  line  is  marked  at 

cient  strength  and  buoyancy  to  remain  continuously  afloat.  Any  device 
not  conforming  to  the  specifications  listed,  or  not  carrying  a valid 

is  unlawful  to  interfere  with  anyone's  traps  or  markers  without  the 


three-inch  carapace  of  a 5 1/2  inch  tail,  though  the  tail  measurement  is 

are  separated  under  required  legal  permit,  the  tail  must  have  a minimum 
length  of  six  inches.  The  1965  act  prohibited  the  catching  of  egg- 
bearing female  lobsters,  and  those  found  in  traps  are  to  be  returned 

same  act  required  a special  permit  if  the  separation  of  head  and  tail 
was  to  be  done  before  landing  the  lobster.  A permit  for  such  separation 

tical  to  keep  the  lobsters  alive  until  landing  them. 


Presently,  no  legislation  has  provided  for  limited  traps  per  firm, 
limited  licenses,  landings  quotas  or  taxes  on  landings  to  restrict  the 
over  employment  of  labor  anti  capital  in  the  fishery.  Croups  with  common 


interests  in  and  recent  concern  for  Che  welfare  of  the 
expressed  a need  for  information  describing  the  benefits  and  conse- 


CHAPTER  III 
THEORETICAL  H< 


if  a living  marine  resource 

tional  production  processes  in  that  it  requires  the  capture  of  a wild 

manufacturing  of  Che  products  involved.  Biological  behavior  of  the 
animal,  changes  in  its  environment  and  economic  factors  of  production 
(labor,  capital,  management,  and  land)  influence  the  success  of  capture 
or  amount  of  product  entering  the  market.1  This  relationship  between 
the  product,  defined  as  landings,  and  the  above  factors  or  variables 
that  influence  landings,  was  defined  as  a harvest  function.  The 

function  for  the  Florida  spiny  lobster  resource.  The  theoretical  frame- 
work of  a fishery  harvest  function  is  presented  in  this  chapter.  A 
biological  growth  model  of  a fishery  was  combined  with  the  influence  of 

satisfy  the  remaining  objectives  of  the  study  is  presented. 


Assuming  i 


captured 


and  B,.ncdo  [361 . 


relationship  between  the  parent  population,  the  mature  progeny and  the 
influence  of  the  environment  on  thin  biological  process.  The  following 
implicit  relationship  is  suggested: 

S “ 8<Si,  S2,  Sj)  (2) 


El  - population  of  mature  progeny, 

Si  ' environmental  attributes  affecting  the  biological 

The  population  of  mature  progeny  (Sj)  is  a function  of  the  parent  popu- 
lation (S2)  and  the  environment  (Sr).  Also  determining  the  level  of 


of  growth 


changes  in  the  biological  P 


es,  and  mortality  r 
e variables  may  dif 


parent  stock. 

Numerous  environmental  factors  significantly  affect 
process.  Significant  factors  are  the  food  supply,  ptedt 
man  and  hydrographic  characteristics  including  water  tet 
salinity,  bottom  conditions,  currents  and  atmosphei la  ci 

The  relation  between  the  number  of  mature  offspring  and  the  pare, 
population  may  be  derived  from  these  basic  biological  relationships 
The  recruitment  of  mature  progeny  is  of  particular  interest  since  tha 
is  an  important  policy  variable  used  in  developing  management,  schemes 
that  will  maintain  ocoe  equilibrium  level  of  cotch.  The  rclntJonsHp 
between  mature  progeny  and  parent  population  is  a function  of  the  sac 
variable  affecting  growth.  At  very  low  parent  population  levels  re- 

populatlor.  level  is  reached, 
to  the  environment  and  biology  of  the  species,  such  as  unhealthy  fish 
stocks,  an  inadequate  ecological  niche,  declining  growth  rotes,  increas- 
ing mortality  rates,  severe  competition  for  food,  and  adverse  hydro- 
graphic  conditions.  Thus,  ot  some  intermediate  population  level,  the 
ability  cf  spawnevs  to  recruit  progeny  into  the  standing  population  is 
a rtnximuw.  At  low  population  levels,  growth  rates  arc  relatively  lew, 
but  beyond  some  population  level,  the  growth  r. 
mortality  rotes  are  relatively  high. 


res  decline  a- 


patent  populatio 


ReluttoRPnips  between  t 

number  of  mature  progeny,  me 
replace  the  purer:  pcpulat.u 


progeny  In  the  following  time 
e 7 (Prochaska  f36j).  The  45s 


produced  by  each  parent  population  level.  Por  example,  ft  .Mature  proge 


will  produce  Mr  nnd  the  total  fish  stock  will  increase.  This  process 


ju9t  equals  that  necessary  to  maintain  a stable  parent  population,  at 
P3  where  the  lines  Intersect.  At  population  P*.  total  production  of 
mature  progeny  is  a maximum,  and  at  Pi,  the  excess  of  mature  progeny 
over  that  necessary  to  maintain  the  parent  population  is  greatest. 

The  introduction  of  successful  fishing  effort  while  the  parent 
stock  Is  P3,  will  reduce  the  parent  population  since  there  is  no  net 


recruitment  with  parent  stock  P3.  The  reduction  of  parent  stock  in  the 
initial  time  period  results  in  an  increase  in  Che  production  of  mature 
progeny  in  the  following  time  periods.  Increased  fishing  effort  may 
continue  to  reduce  the  parent  stock  until  parent  stock.  Pi,  is  reached. 


as  equilibrium  harvest  and  represented  as  M2  - Mi  In  Figure  2.  Maximum 
marketable  surplus  is  not  at  the  parent  population  level  which  produces 

equilibrium  harvest  is  taken,  the  parent  population  will  move  P(>  and 
again  the  equilibrium  in  following  periods  will  be  reduced.  If  the 
level  of  fishing  is  that  which  exactly  takes  the  excess  over  the  needed 
replacement  each  season,  parent  population.  Pi  will  be  maintained.  This 
is  defined  as  maximum  sustainable  yield  (MSY) . 

The  equilibrium  harvest  shown  as  the  area  between  the  mature  prog- 
eny curve.  Oil,  and  the  replacement  lino,  OA,  in  Figure  2,  may  be  ex- 
pressed in  Figure  3.  Points  Po,  Pi,  Fz  and  P3  correspond  with  popula- 
tion levels  in  Figure  2.  The  maximum  sustained  yield,  Y^,  is  produced 
from  population  Pi  which  corresponds  to  P|  tn  Figure  2.  Except  at  the 
maximum  sustained  yield  the  same  equilibrium  harvest  may  be  taken  at 
different  levels  of  parent  population.  For  example,  equilibrium  . 


A production  function  normally  used  in  economic  analysis  is  defined 
as  che  relationship  between  physical  inputs  and  a resulting  level  of 
physical  output,  similar  Co  the  biological  yield  process.  The  difference 
occurs  in  the  type  of  relationship  between  the  inputs  and  the  resulting 
output.  Similarly,  theory  exists  that  explains  the  economic  stages  of 
a production  process  in  an  economic  system. 

Production  inputs  or  factors  of  production  can  be  defined  as  units 


(3) 

(4) 

(5) 


E “ effort  = combined  unit  of  inputs,  El  . . . E(, , 


e industry  is  profit  m. 


The  assumed  objective  for 
tlon.  All  firms  are  assumed  t< 
with  production  occurring  unde' 

attributes  and  the  available  fish  stock  for  harvesting.  The  production 
function  (Equation  3)  la  a physical  relationship  between  oucput  and 
exogenous  variables  representing  effort.  Biological  models  of  fishery 
populations  without  economic  considerations  are  of  little  value  as  a 
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is,  the  integration  of  biological  and  economic  considerations 
:o  accurately  estimate  the  relationship  between  that  level  of 
Ich  reaches  the  market  (i.e.,  pounds  landed)  and  those  vari- 


to  insure  that  the  equilibrium  harvest  level  is  both  biologically  ar.d 
economically  sufficient. 


Variables  of  the 
function  (Equation  3) 


Bioeconomic  Model 
yield  function  (Equation  1)  and 


Substituting  equations  (2)  and  (4)  into  (6)  gives 

VBE  ’ h(S,  . . . Sj,  E,  . . . Eq),  m 


Yek  is  defined  as 
The  biological  yield  me 
basic  foundation  from  which 


equilibrium  yield, 
i the  production  model  provide  the 
management  policies  are  designed. 


endanger  the  parent  population  (Sg)  while  allowing  maximization  of  har- 
vest (.'  ) for  a given  level  of  inputs.  This  approach  to  managing  a 
fishery  is  known  as  maintaining  maximum  sustainable  yield  (MSY).  HSY 


policies. 


MSY  expresses  a physical  relationship  am!  has  provided  Che  basis 
for  conservation  programs  of  U.S.  fisheries  with  little  concern  about 
the  economic  consequences  on  the  fishermen  or  society  (Snkoloski  [45]). 
In  recent  years  this  philosophy  of  management  practices  has  changed  and 
economics  has  entered  the  arena  of  fishery  resource  management.  Such 
things  as  factor  prices,  product  prices,  costs,  and  other  pecuniary  at- 
tributes of  the  "bioeconomic  system"  must  be  considered  for  proper 
management  of  a fishery.  To  many  policy  makers  maximum  economic  yield 
(HEY)  is  now  considered  the  objective  of  "proper"  management  as  is 
assumed  throughout  this  dissertation.  HEY  occurs  at  a level  of  landings 


which  are  less  than  those  suggested  by  the  MSY  criterion  and  thus 
requires  less  fishing  pressure. 

HEY  is  defined  as  that  yield  where  net  revenue  (NR)  is  maximized 
for  the  fishery . Net  revenue  for  the  industry  is  at  a maximum  where  the 
greatest  positive  difference  occurs  between  total  revenue  (TR)  and  total 
cost  (TC) , as  illustrated  in  Figure  4 . HEY  occurs  where  the  slopes  of 


represents  additional  or  marginal  revenue  to  the  industry 
for  additional  landings,  and 


by  multiplying  the  harvest 


pound  (P) . 


eventually 


entry  into  the  industry  ceases. 

Crutchfield  (20,  p.  12]  identified  the  consequence  of  such  a situa- 
tion when  he  said,  . . such  a market,  unregulated,  will  destroy  itself 
either  economically  or  biologically."  Or  in  Carlson's  (11,  p.  7]  words, 
"In  common  property  resource,  the  'invisible  hand'  guarantees  that  the 


Summary 


ybe  ’ f(Sl’  Sz’  S3'  E*'  E*’  E5>  E")-  W 

Major  focus  of  this  analysis  entailed  determining  the  appropriate  input 

number  of  firms  in  the  industry  and  number  of  traps  were  compared.  The 
feasibility  of  alternatives  for  limiting  effort  were  assessed  by  con- 


time  of  Implementation  and  enforcement  of  regulations,  and  expected 

Development  of  the  theoretical  model  for  this  study  has  resulted 
in  on  examination  of  the  biological  theory  of  a fishery  resource  and  a 
brief  discussion  of  production  theory.  Models  of  these  two  theoretical 
frameworks  were  integrated  into  a bioeconomic  model  used  to  explain  the 


CHAPTER  IV 

EMPIRICAL  MODEL  AND  DATA 

The  empirical  model  and  estimation  procedure  are  presented  in  this 
Chapter  in  three  pares.  Types  of  data  used  are  included  in  the  presen- 
tation of  each  structural  equation.  Delineation  of  the  study  area  and 
the  method  of  data  acquisition  is  presented  in  the  final  section. 

Estimation  and  theoretical  analysis  of  the  industry  harvest  func- 
tion are  presented  in  the  first  part  of  the  chapter.  The  second  part 
of  the  analysis  is  concerned  with  estimation  of  a firm  harvest  function 
and  associated  optimum  resource  allocations  for  the  firm  at  estimated 
fishery  stock  levels.  Implicit  industry  factor  prices  and  costs  were 
derived  in  the  firm  analysis.  The  final  part  of  the  analysis  involved 

maximum  economic  yield  (MET)  for  the  industry. 

Definitions 

A few  definitions  at  this  point  may  help  clarify  relationships 
within  Che  model.  The  Industry  harvest  function  was  estimated  using 
secondary  time-series  data  for  20  years  from  1952-71.  The  firm  harvest 
function  was  estimated  using  primary  cross-sectional  data  obtained  from 
a survey  conducted  in  1974  of  25  full-clme  spiny  lobster  fishermen. 
Capital  letters  are  used  to  represent  variables  relating  to  the  industry 
harvest  function,  while  lower  case  letters  are  used  to  represent  vari- 


ables related 


function. 


is  t , which  Is  always  used  as  Che  ex-vessel  product  price  per  pound  fo 
Che  Industry  and  for  the  firm.  Industry  landings  arc  represented  by  Q 
and  firm  landings  are  represented  by  q.  Variables  representing  Inputs 
into  the  industry  harvest  function  are  Xi,  X?.,  and  X3.  Firm  harvest 
function  input  variables  are  X],  X2,  X3,  x»,  x5>  and  X6-  In  only  one 
case  does  a variable  from  the  industry  harvest  function  and  the  firm 
harvest  function  represent 

X,,  from  time-series  data,  represents  average  nun 
in  the  industry  for  a given  year,  while  xj,  from 
represents  the  number  of  traps  fished  by  a given 


optimum  solution  ai 
different  ei 


: example  xj  , denotes 
identification  v 


An  asterick  (*) 
le  variable  as  an 
an  substituted  in 


Time-series  analysis  is  necessary  to  determine  the  dir< 
:ect  effects  of  increased  effort  on  catch.  Resulting  effi 
iditional  economic  production  relationships  are  defined  a; 


Indirect  effects 


influences  on  landings  from  variations  in  the 
effort.  Time-series  analysis  is  neces- 
analysls  for  only  one  point  in  cime  will  only  consider 
’fort  on  landings  for  the  given  fishery  stock  in  exist- 
ne.  Evaluating  effort  over  time  also  allows  for  Che 
f expanding  effort  on  the  extensive  margin-more  firms 


restated 
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In  the  lobster  fishery  E,  (land)  is  not  a factor,  therefore,  E,  drops 
out  of  the  theoretical  equation.  E2  (labor)  and  Ec,  (management)  are 
transformed  into  output  in  the  production  process  through  the  fishing 
traps  (the  primary  type  of  gear  used  in  Florida).  Therefore,  X],  traps 
per  firm,  i6  substituted  for  E2  and  Ei,.  The  remaining  production  factor 
E3  (capital)  is  represented  by  both  number  of  traps  per  firm  and  number 
of  firms  (measured  by  number  of  boats  and  vessels)  X2.  Thus  X2  is  sub- 
stituted for  Ej.  The  biological  factors  population  of  mature  progeny 
(Si)  and  parent  population  (S2)  are  not  available  from  secondary  data. 

(S3),  in  the  previous  chapter.  Water  temperacure  is  one  of  the  many 
variables  which  can  be  used  to  represent  the  environment.  Water  tem- 
perature however  has  been  shown  as  a significant  factor  affecting  lob- 
ster landings  (Bell  [3])  and  thus  was  used  In  this  study  as  a pro','  for 
S3  and  is  denoted  as  X3.  Thus  with  these  assumptions  and  substitutions 


Equation  12  can  be  rewritten  as 

Q - f(Xi,  X2,  X3)  <13> 

Variables  in  the  reduced  form  equation  for  the  Industry  harvest  function 
(Equation  13)  are  compared  to  variables  in  the  theoretical  harvest  func- 

The  reciprocal  form  of  the  yield  functioa  wus  selected  because  it 
is  consistent  with  current  conditions  and  regulations  in  the  industry. 
Management  regulations  such  as  minimum  sise  limits,  gear  restrictions, 
prohibition  of  egg  stripping  and  a fishing  season  set  after  spawning, 

landings  to  reach  a maximum  level  but  does  not  allow  total  production 


Table  1.  Industry  har 
Industry 


variobles  In  theoretical  model 
c study  of  Florida  spiny  lobster 


Definition 


d (area  of  fishing) 


E3  capital 

progeny 

S3  environmental  attributes 


x2 

Xl 


to  decline  with  additional  fishing  effort.  In  addition,  the  reciprocal 
function  exhibits  diminishing  marginal  returns  which  is  consistent  with 
the  stage  of  production  in  which  firms  arc  expected  to  operate.  The 
industry  harvest  yield  function  con  be  expressed  in  reciprocal  form  as 


Q “ + *i  + *a 


BjX, 


(1*) 


The  industry  harvest  function  is  used  to  determine  an  estimate  of 
maximum  sustainable  yield  (MSY)  to  serve  as  a guideline  in  developing 

maximum,  the  MSY  analysis  censiders  "approximate"  or  "practical"  maxima. 


explanatory 


variables  at  reasonable 


within  the 


Maximum  economic  yield  (HEY)  tor  the  industry  was  also  determined 
from  the  industry  harvest  function  (Equation  14).  Total  revenue  (Tit) 
was  computed  by  multiplying  the  estimated  harvest  function  (Equation  14) 
by  product  price  (P  ).  P is  assumed  constant  and  representative  of 
current  prices.  P was  computed  as  the  current  average  ex-vessel  price 
per  pound.1  Time-series  cost  data  were  unavailable.  To  determine  MEY 
it  was  necessary  to  develop  an  Industry  cost  function  from  primary  data. 
A cross-sectional  survey  of  spiny  lobster  firms  was  used  to  obtain  Che 
necessary  data  and  is  presented  in  a later  section.  From  these  data  an 
industry  total  cost  function  was  developed, 
was  derived  by  computing  tiie  average  total  cot 
firms  in  the  sample  and  Chen  multiplying  ATC  i 
her  of  firms  (N>  in  the  industry.  Together, 
to  determine  KEY  as  shown  in  Figure  5. 

Derivation  of  MEY  begins  with 
firms2  at  which  Che  slopes  of  the  TR  and  TC  curves  (Figure  5)  arc  equal. 
This  is  determined  by  equating  industry  marginal  revenue  (partial 
derivative  of  TE  with  respect  to  X2)  witli  industry  marginal  cost  (deriv- 
ative of  TC  with  respect  to  X2)  and  then  solving  for  Che  number  of 


1 industry  cost 
er  firm  (ATC)  f 


2P , was  computed  by  dividing  annual  total  industry  value  of  land- 
ings by' annual  total  industry  landings. 

ZAr.y  input  that  serves  ns  a policy  variable  for  management  pur- 
poses is  applicable  In  place  of  firms.  Number  of  firms  Is  preferred 


Finns  (x2) 

Figure  5.  Maximum  economic  yield  (MEY)  for  the  industry  is 
illustrated  as  the  greatest  distance  between 
industry  total  revenue  (TR)  and  industry  total 


firms  in  the  industry  which  is  necessary  for  industry  profit  maximiza- 
tion, X2**1  The  optimum  number  of  firms,  X2  , is  substituted  into  the 
industry  harvest  function  to  determine  Q , defined  as  MEY . 


^Motatlonally 
(a)  industry  marginal 


from  Equation  15,  except  that  environmental  and  biological  differences 
among  fishing  areas  were  represented  by  the  coefficient  for  ei.  The 
objective  of  this  analysis  was  to  determine  differences  in  et  . . . ei, 
among  firms  that  Influence  individual  firm  landings  and  thus,  production 
responses  to  different  levels  of  input  use.  A detailed  summary  of  defi- 
nitions and  derivations  of  variables  that  significantly  influence  the 
typical  firm  harvesting  process  are  presented  in  Appendix  D. 

A trap  is  defined  as  before  to  represent  the  unit  of  effort  through 
which  the  traditional  factors  of  production  are  employed  in  the  produc- 

Equation  15.  In  addition,  the  intensity  at  which  the  trap  is  fished 

a fisherman  pulls  Ills  total  number  of  traps  in  one  week)  and  x,  (the 
number  of  weeks  fished).  These  intensity  variables  adjusted  trap  use 
between  firms  in  a cross-sectional  survey  and  in  addition  represented 

capital.  Variation  in  firm  size  and  capital  investment  were  included 
by  a proxy  variable,  XI. , defined  to  be  the  square  footage  of  the  boat 


above  two  areas.  If  0 one  is  entered  for  and  a 
aero  for  xg  the  firm  was  fishing  in  the  upper  Keys  region  and  vice- 
versa  for  a firm  fishing  in  the  lower  Keys  region.  If  both  xs  and  X6 
are  aeros,  the  firm  was  fishing  in  the  middle  Keys  region.  These  dummy 
variables  allow  the  intercept  or  position  of  the  harvest  function  to 
vary  for  different  fishing  areas. 

Underlying  bioeconomic  theory  for  the  firm  does  not  specify  curvi- 
linearity  in  the  firm  harvest  function  e 
sustainable  yield,  is  assumed  constant  1 
the  Cobb-Douglas  functional  form  was  so: 
increasing,  constant,  or  decreasing  reti 
the  selection  of  the  Cobb-Douglas  form  ' 


cted  which  allows  for  either 
ns.*  An  additional  reason  for 


grecs  of  freedom  to  derive  the  interactive  e 
variables.  The  summary  of  t 


e independent 


t[  * estimated  landings  (harvest)  for  the  typical  firm. 


s a fisherman  pulls  h 


in  Curlson  113). 


Cobb-Douglas  function  is  presented 


» dummy  variable  representing  upper  Keys  region  (one 
represents  upper  Keys  and  zero  represents  middle  Keys) , 
= dummy  variable  representing  lower  Keys  region  (one 

represents  lower  Keys  and  zero  represents  middle  Keys), 


es  analysis  wi 


ne  computational  procedure  used  in 
derive  TR  and  TC  for  the  firm  and 


Maximum  Economic  Analysis  (MEY) 

The  final  part  of  the  estimation  procedure  involved  integrating 
information  obtained  in  the  cross-sectional  analysis  into  the  time- 
series  model  which  estimated  the  industry  harvest  function.  This  was 
then  used  to  estimate  maximum  economic  yield  (MEY) . 

A recognized  short-coming  of  the  industry  harvest  function  model 
is  that  the  assumption  of  homogeneity  among  fishing  firms  or  "fishing 
effort"  does  not  prevail  in  the  real  world.  Firms  differ  in  fishing 
power  due  to  such  factors  as  size  of  craft,  fishing  intensity,  and 
amount  of  gear.  However,  note  that  Equation  16  representing  the  firm 

is  accounted  for  by  xi,,  fishing  intensity 
by  X2  and  X3,  and  amount  of  gear  by  Xi . With  these  adjustments  it  was 


lie  effect  or  traps  on  landings  for  the  typical  firm 
using  the  firm  harvest  function  Cook  Into  consideration  influences  of 
craft  size,  (»,),  fishing  intensity  (X2  and  x-s)  and  differences  in  fish- 
ing grounds  (xs  and  x6).  With  this  estimate  an  analysis  of  optimum  num- 
ber of  traps  (xi  ) was  made.  Then  holding  trap  levels  at  this  economic 
optimum  an  estimate  of  the  optimum  number  of  firms  was  possible.  Thus, 
xj  from  the  cross-sectional  firm  analysis  wss  substituted  for  Xi  in  the 
time-series  industry  harvest  function  model  to  estimate  industry  land- 
ings assuming  firms  are  employing  the  optimum  number  of  traps.  Equiva- 
lent notational  form  for  the  industry  harvest  function  now  became 


+ — +fc  + »»*» 


(11) 


» estimated  industry  landings, 

* optimal  number  of  traps  per  firm  estimated  from  firm 
analysis, 

■ number  of  firms  in  the  industry, 

= mean  seasonal  surface  water  temperature, 

$1,  Bo,  03  are  parameters  to  be  estimated. 

re  the  difference  between  total  industry  revenue  and  total  indus- 
t are  maximized.  After  deriving  industry  total  revenue  and  total 

of  firms  (X2  ) was  determined.  X2  occurred  when  industry  margi- 

n substituted  into  the  industry  harvest  function  (Equation  17) 


. the  solution  of  Q was  equal  to  M 
el  of  Xi,  X2»  and  X3 . expressed  a 

- . B,  B2 

MEY-Q-0+  — + — + BjXj 
x,  X2 

s,  traps  per  firm,  estimated  from  : 


follows: 


s in  the  industry  har- 


ries (Dade  and  Monroe)  and  is  located  in  the  southernmost  portion  of 
the  state.  Spiny  lobsters  are  landed  in  small  amounts  in  ocher  coun- 
ties, mostly  Pinellas,  but  these  are  usually  caught  in  foreign  waters. 

Monroe  County  was  selected  for  the  study  area  for  several  reasons. 

A trend  analysis  of  the  Florida  spiny  lobster  fishery  was  conducted  us- 
ing secondary  data  for  1952-71  (Williams  and  Prochaska  [54)).  From  this 
analysis  the  Florida  landings  were  estimated  to  be  approximately  95  per- 
cent of  total  O.S.  landings  in  recent  years.  Approximately  50-60  percent 
in  the  last  five  years  of  Florida  landings  were  caught  in  foreign  waters 
(Appendix  E).  The  majority  (over  90  percent  of  these  foreign  lobsters) 
were  landed  in  Dade  County.  Of  the  remaining  40-50  percent  of  total 
Florida  landings  (which  came  from  domestic  waters)  approximately  80-90 
percent  were  landed  in  Monroe  County  (Appendix  F) . Monroe  County  is 
geographically  located  in  the  middle  of  the  domestic  spiny  lobster 
fishery  (Figure  6).  A final  consideration  is  that  the  impact  of  confining 


all  domestic  spiny  lobster  fishermen  to  the  Keys  region  can  be  ad- 
dressed.1 For  these  reasons  the  study  area  was  delineated  to  include 


Department  of  Commerce  secondary  data  on  landings,  total  value  of 
landings,  and  effort  for  1963-73  were  used  for  the  time-series  analysis 
[18],  [49].  Measures  of  effort  for  the  Industry  during  this  period  were 
total  number  of  traps;  total  number  of  vessels;  total  number  of  boats; 
total  number  of  fishermen  classified  as,  on  vessels  or  casual;  and  total 
gross  tonnage  of  vessels  in  the  industry.  Gross  tonnage  was  measured 
only  for  vessels  greater  than  5 gross  tons  and  was  loosely  defined  as  a 
measure  relating  to  the  net  capacity  of  the  craft.  Water  surface  tem- 
perature data  was  acquired  from  Ocean  Survey  Branch  of  NOAA  [52].  It 


the  water  is  Isothermal  in  the  delineated  study  area.  Temperature  data 
for  the  study  period  was  in  the  form  of  mean,  rainimun, and  maximum 


monthly  temperatures 


n since  surveying  tl 


population  was  impractical  from  a cost  and  time  standpoint.  Sample  size 
was  determined  using  the  following  formula: 


(N  - 1)  D + S2 


formula 


Mendenhall  [33], 


1 ■ estimate  of  the  population  v. 


r of  estimation  (i.e. 


Data  from  a sample  of 
length  were  obtained  f 


973-74  landings  by  individual 
6)  for  sizes  ranging  from  26  feet  to  40  feet  in 
r estimating  the  population  variance  (S  ) [51]. 

variance  (within  craft  class)  was  estimated  from  the  actual  survey  data 
to  be  30,129,877.77.  D was  selected  at  10  percent  on  each  side  of  the 
population  mean  to  be  estimated.  N was  equal  to  226  and  was  calculated 
from  a list  of  commercial  craft  registrations  provided  by  the  Florida 
State  Department  of  Natural  Resources.  Criteria  used  to  include  a firm 
in  the  population  was  (a)  that  the  address  of  the  craft  owner  be  Monroe 
County;  and  (b)  that  lobster  fishing  was  listed  as  the  primary  (dollar 


Stratification  of  thi 


h sample  strata  were  equal  t 
strata,  ".eat  length  strata  i 


following  stratified  sample  illustrated 


drawn.  Total  number  of  samples  drawn  was  25  rather  than  the  required 


21  in  order  to  round  the  desired  number  of  samples 


after  stratification. 


Table  3.  Stratified  sample  of  boots  and  vessels,  defined  as  firms, 


Upper  Keys 
Middle  Keys 


The  following  formula  was  used  to  determine  the  number  of  obscrva- 


(20) 


sampled  in  each 


- sample  also  of  strata  1J , 


Survey  Teclmique 

Observational  units  within  each  strata  were  not  drawn  randomly  in 
the  usual  sense.  The  data  were  collected  in  a very  precarious  environ- 
ment, at  a very  difficult  time.  Florida  spiny  lobster  fishermen,  like 
most  fishermen,  are  very  independent  and  generally  do  not  divulge  infor- 
mation. So,  there  was  first  a problem  of  locating  a fisherman  that 
would  cooperate.  A second  problem  frequently  encountered  was  that  many 

much  of  the  information  was  "best  estimates."  To  complicate  the  matter, 
at  the  time  of  the  survey  the  internal  Revenue  Service  was  investigating 
Florida  fishermen  because  a recent  court  ruling  had  changed  the  tax 

Also  it  was  felt  by  many  tliac  a substantial  amount  of  undersized  lob- 
ster were  "blackmorketed"  from  this  area.  In  addition,  any  list  of 
fishermen  was  usually  out  of  date  because  of  the  highly  mobile  nature 
t was  impossible  to  collect 
■ samples  represent  fishermen 

itrnta  was  accomplished. 


Personal  interviews 
observations  within  each 


s soliciting 


Initial  fishermen  contacts  were  acquired  through  the  Southeastern 
Fisheries  Center  in  Miami  and  a local  chapter  of  Organised  Fishermen  of 
Florida  (O.F.F.).1  In  July  1974  the  research  project  was  presented  and 
a questionnaire  pretesced  at  a local  O.F.F.  Chapter  meeting  in  the  area. 
Possible  benefits  to  the  fishermen  were  explained  a 
their  cooperation  for  interviews  to  be  conducted  in  the  fail.  Also, 
names  of  fishliouse  managers  that  would  cooperate  in  encouraging  the: 
local  lobster  fishermen  to  be  interviewed  were  obtained. 

In  October  1974  Che  interviewing  began  using  a thirteen  page  qi 
tionnaire  idth  those  fishermen  that  agreed  to  cooperate  the  past  Jul; 

Once  this  source  of  interviews  was  exhausted,  various  cooperating  f: 
houses  were  then  contacted.  Managers  were  asked  to  recommend  f 
that  they  felt  would  cooperate  and  that  were  needed  to  complete  Che 
various  strata  as  specified  by  the  sample  design.  Interviewing  con- 
tinued for  three  weeks  until  all  observations  required  in  the  sample  as 
stratified  were  collected.  Twenty-eight  questionnaires  were  completed 
and  after  editing  for  inconsistencies  and  incompleteness,  twenty-five 
were  used  in  the  analysis.  Additional  observations  were  collected  for 
those  strata  that  were  weighted  heavier  to  assure  completeness.  Data 
comparisons  of  study  projections  with  industry  output  characteristics 
suggest  the  sample  was  representative. 


thor  is  indebted  to  Mr.  Lloyd  Johnson  and  M 
e Southeastern  Fisheries  Center,  NOAA,  NMFS; 
e Lower  Keys  Chapter  of  O.F.F.  located  in  th 


CHAPTER 


ANALYSIS  OF  RESULTS 


I their  interpretation  for  the  ii 
. was  used  to  derive  estimates  o: 


Estimated  coefficients  ai 
. firms'  harvest  functions  . 

i "typical"  firm  were  derived  from  the  firm  harvest  model.  Informa- 
>n  obtained  from  both  analyses  was  then  integrated  to  analyze  alterna- 
te fishing  practices. 


regulations. 

The  reciprocal  function  allows  landings  to  reach  a maximum  limit 


55 


It  also  allows  decreasing  marginal  returns  to  fishing  effort. 

The  following  spiny  lobster  harvest  function  is  the  statistical 
model  estimated  using  time-series  data: 

+ B3X3  + e-  <«> 


The  estimated  coefficients  ai 
Equation  (22) : 


presented  in 


(365,878,684) 


(170,321) 


(22) 


(F3l7  - 9.16).  T 
Rz  corrected  for 


degrees  of  freedom)  Indicated  that  the  model  explained 
of  the  variation  in  annual  landings,  respectively.  A 


Durbin-Watoon  value  of  2.38  Indicated  the  model  hinges  on  the  border 
between  no  autocorrelation  and  inconclusiveness  range  of  the  test. 

The  coefficients  for  traps  per  firm,  Bj,  and  number  of  firms  traps  in 
the  industry,  S3,  were  found  to  be  statistically  different  from  zero 


As  a check  on  the  logic  of  using  the  reciprocal  form  of  the 

signs  were  estimated  for  the  parameters  but  the  coefficients  estimated 
were  noc  significantly  different  from  zero. 


it  calculated  for  less  tl 
in  residuals. 


Observed  end  predicted 


lendings  for  1963-7 


Figure  7.  Since  1969,  landings  have  varied  between  4 and  5 million 
pounds,  with  a slight  exception  in  1970.  Maximum  landings  observed 

landings  decreased  to  4.99  million  pounds.  Assuming  current  management 
regulations  are  adequate  and  new  technology  does  not  occur,  there  is 
little  reason  to  expect  landings  to  increase  substantially  above  five 
or  six  million  pounds  annually.  This  assumes  that  biological  and 
environmental  factors  will  remain  substantially  unchanged. 


The  marginal  effect  of  changes  in  effort  on  landings  was  determined 
:by  the  partial  derivatives  of  the  bioeconomic  industry  harvest  function 
(Equation  22)  with  respect  to  the  specific  explanatory  variable  moaaur- 

tion  arc  partial  derivatives  with  respect  to  a given  explanatory 
variable,  x, : 


9X, 


3X3 


■ 03  - -23! 


a decreasing  r, 


. divided  b; 


Tile  additional  pounds  of  lobsters  landed  in  the  industry 
intensifies  production  by  adding  one  trap  is  shown  by  MPj 
firm  adds  a trap  total  landings 
additional  catch  per  firm  can  b< 

Additional  catch 


9 firms,  respectively.  Mean  seasonal  si 


Evaluating  MP„  (Equation  23)  at  1973  ii 


MPV  “ — ' -i " 7,62ft  pounds. 

(429) 

each  firm  in  the  industry  increases  the 
c,  total  landings  for  the  industry  ii 

Evaluating  the  effect  of  changing  the  number  o. 
y (Equation  24)  gives 


Xj 


Holding  ti 


(399) 


1 industry  landings  by  2,922 
pounds.  Increasing  the  number  of  firms  by  one  unit  and  holding  traps 
per  firm  constant,  brings  429  new  traps  into  the  industry.  The  fishing 
power  of  an  additional  trap  to  Che  Industry  may  be  greater  if  it  is  the 
first  trap  for  a new  firm  compared  to  an  additional  trap  for  a firm 
already  fishing.  However,  the  marginal  analysis  as  set  forth  will  not 
allow  for  this  difference. 

Evaluating  the  effect  of  changes  tr,  water  temperature  (Equation  25) 

NP^  “ 63  » -239,791  pounds.  (28) 

For  every  one  degree  increase  in  Che  mean  surface  wj 

about  5 percent  of  total  landings  in  1973.  A general  c 
fishermen  is  that  landings  Increase  shortly  after  meteorological 


changes  such  as  sconss  and  weather  fronts.  These  weather  changes  often 
create  lower  temperatures  and  partially  explain  the  inverse  rclation- 


Maximum  Sustainable  Yield  (HSV)  Estimate 

One  of  the  initial  objectives  in  this  study  was  to  address  the 
question  of  "the  status  of  the  spiny  lobster  fishery  with  respect  to 
maximum  sustainable  yield  (MSY)."  The  industry  bioeconomic  harvest 
model  indicated  that  industry  landings  are  approaching  a maximum  sustain- 
able yield.  The  bioeconomic  empirical  model  based  on  a theoretical  cur- 
vilinear harvest  function  fitted  Che  data  very  well  (R2  = .75).  Explan- 
atory variables  were  individually  highly  significant  and  the  total 

These  conclusions  were  reached  observing  Che  range  in  landings  as 
inputs  were  increased  to  an  infinitely  large  number  as  shown  in  Table  ft. 

temperature  (Xs)  which  was  held  constant  at  its  mean,  minimum,  and 
maximum  observed  values. 

The  range  of  maximum  landings  was  from  5.9  million  to  8.9  million 
pounds.  Illustrated  in  Figure  8 is  the  harvest  function  as  it  reaches 
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Estimated  levels  of  maxima  landings  0 
traps  per  firm  (Xj),  number  of  firms  (. 


for  given  levels  ol 
) , and  seasonal  watt 


point  where  the  bloeconomic  harvest  function  becomes  flat  for  all  prac- 


firra  and  a 58  percent  increase  in  landings.  Note  that  the  levels  of 
Inputs  required  to  achieve  the  maximum  output  levels  in  Table  4 were 
totally  unrealistic  at  levels  of  infinity.  A 18  to  78  percent  increase 


require  an  infinite  percentage  increase  in  inputs, 
illustrated  in  Figure  8 but  traps  per  firm  is  presented 
e.  Predicted  landings  increase  by  40  percent, 
million  pounds,  as  a result  of  a 115  percent  increase 


of  482  to  2,000). 

Estimates  of  MSY  chosen  for  analysis  in  this  study  ranged  between 
six  million  and  eight  million  pounds  with  a realistic  estimate  probably 

landings  cannot  increase  above  these  figures,  but  rather  that  these  fig- 
ures are  the  levels  estimated  at  which  landings  could  be  maintained  from 
year  to  year — maximum  sustainable  harvest  (yield),  ceteris  paribus. 

In  summary,  maximum  harvest  levels  considered  here  are  quite  liberal 

landings  may  be  beyond  maximum  economic  yield,  discussed  in  the  next 

In  the  existing  data  on  which  the  analysis  was  based.  Therefore,  Che 
realistic  HSY  level  was  concluded  to  be  in  the  range  of  six  to  seven 
million  pounds  annually. 


ue  Marginal  Pro. 


Id  (MEY)  is 
s-sect local 


and  time-series  analyses,  but  come  knowledge  of  levels  of  expenditures 
and  profit  maximization  can  be  gained  using  results  of  the  time-series 
industry  analysis  thus  far. 

Value  marginal  products  for  given  inputs  were  derived  by  multiply- 
ing constant  product  price  times  the  respective  marginal  physical  pro- 
duct. The  value  marginal  product  equation  for  traps  per  firm  (X;)  is 


« annual  average  dockside  price  per  pound  o: 
assumed  constant; 


VMP^  is  the  addition  to  industry  total  revenue  as  a result  of  a margi- 
nal Increase  in  traps  fished  per  firm.  VMP^  was  divided  by  the  number 
of  firms  in  the  industry  in  1973  (399)  to  demonstrate  the  effect  of 
price  changes  on  an  individual  firm  (Figure  9) . 

from  approximately  $4.81  to  $140.00  as  traps  per  firm  vary  from  approxi- 
mately 900  to  168,  respectively.  At  a product  price  of  $1.08  and  traps 

the  cost  for  an  additional  trap  were  $28.77,  this  would  be  the  profit 


VHP  is  with  respect  to  the  subscript  (x.)  denoted  in  Equation  29. 

mean  ex-vessel  price  of  $1.08  per  pound  was  obtained  from  a , 
survey  of  25  lobster  boot  captains  taken  in  1973. 


maximization  level  of  oucpuc.  Thus  as  long  as  Che  cost  of  fishing  a 
Crap  was  less  chan  $28.77  ic  would  pay  Co  expand.  AC  dockside  prices 
of  $1.25,  5l.50.and  $7.00,  marginal  cost  per  trap  could  increase  Co 
$33.31,  $39.97,and  $53.30,  respecCively,  before  Che  input  level  for 
profit  maximisation  would  be  reached.  With  Craps  per  firm  (Xj)  at  Che 
1973  level  of  429,  VMP^  ranged  from  $21.16  (assuming  a product  price 
of  $1.08  per  pound)  to  $39.22  (assuming  a product  price  of  $2.00  per 
pound).  Maximum  level  of  traps  per  firm  observed  was  482  in  1971.  At 
this  level  VMP„  ranged  from  $16.77  Co  $31.07  for  product  prices  ranging 


courage  intensification  of  craps  fished  per  fisherman. 

Value  marginal  product  for  an  additional  firm  was  also  analyxcd 

the  firm  was  expressed  as 


= marginal  product  of  Q (Equation  24)  with  respect  Co  firm! 

(X2),  holding  Xi  constant. 

cotal  cost  for  Che  typical  firm  reaches  $3,154,  $3,652,  $4 , 383, or  $5,1 
given  product  prices  of  $1.0$,  (1.25,  $1.50,or  $2.00,  respectively 


.d  variable  expenses  incurred  t 


respectively  (Equation  30,  F 

firms  fishing  was  $3,154  at 
eratc  a net  profit  to  the  it 
from  the  400th  firm  fishing 


.gore  10).  The  difference  between  induscry 
►73  for  399  firms  fishing  compared  with  400 
i product  price  of  $1.08.  In  order  to  gen- 
lustry,  the  addition  to  industry  total  cost 


commercial  fishermen.  Some  of  these  firms  fish  in  more  productive  fish- 
ing grounds  than  others  which  can  significantly  influence  the  firm  har- 
vest rate.  Fishing  power  and  Intensity  of  this  power  varies  substan- 
tially between  firms  which  influences  Che  firm  harvest  rate.  Aggregate 
data  measuring  explanatory  variables  such  as  firms  and  traps  have  all  of 

thus  making  the  interpretation  of  estimated  coefficients  very  difficult 
and  incomplete.  Therefore,  one  objective  of  the  cross-sectional  anal- 
ysis was  to  obtain  partial  estimates  adjusted  for  these  other  influences. 

yield  for  given  measures  of  effort.  That  analysis  is  presented  in  this 
section  along  with  a brief  analysis  of  optimum  resource  allocation  for 
the  firm  at  a given  fishery  stock  level. 


ic  harvesting  process  for  the  typical  spiny  lobster  firm 


square  methods.  This  entails  minimizing  th( 
logarithms  of  residuals.  The  assumptions  ol 


IE  estimaeers  are  still 


Landings  per  firm  (q)  were  measured  in  pounds.  Average  traps 

This  variable  considered  the  Initial  number  of  traps  fished  at  the 
beginning  of  the  season,  the  number  of  traps  lost  during  each  month  of 

Rounds  per  week  (x,)  was  a measure  of  effort  intensity  and  was  defined 

weeks  fished  (X3)  was  another  measure  of  effort  intensity.  In  Florida 
a maximum  of  36  weeks  is  allowed  in  the  season  by  law.  Fishing  power 
n by  including  a size  vari- 


were  accounted  for  b 
characterized  the  fi 
The  R2  correcte 
function  explained  8 


including  dummy  variables  X5  and  xg  which  broadly 
is  into  the  three  areas  previously  defined.* 
for  small  sample  size  showed  that  the  harvest 
percent  of  the  variation  in  a typical  firm's 


are  presented  in  Appendix' D.  Appendix  C contains  the  estimating  - 
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increase  in  all  inputs  was  positive  and  total  landings  were  increasing 
at  an  increasing  race.  Horaogenity  of  1.87848  means  chat  if  each  of  the 
independent  variables  of  the  harvest  function  are  multiplied  by  a con- 
stant k,  landings  will  change  by  a multiple  of  Jc'*870l,4.  For  example, 
if  X]  . . • xg  are  all  doubled  (k  * 2)  landings  will  more  than  quadruple. 
To  illuscrate  the  significance  of  this,  assume  that  the  State  of  Florida 

reduced  by,  say,  approximately  50  percent  to  protect  the  fishery  stock 


1.87848,  all  inputs  would 
o obtain  a 58  percent  reduction 

have  control  over  individual  effort, 

o the  objective  of  the  Federal  Soil  Bonk 

may  provide  some  interesting  insights  into  management  of  the  fishery, 
it  may  be  argued  that  the  interpretation  is  non-sensical.  Realistically 


from  irreversible  damage.  G 
in  landings  per  firm,  and  th 
individual  firms  would  have 
Program  for  agriculture  in  t 


Estimated  Parameters 

The  estimated  coefficients  (6.)  of  the  harvest  function  presented 


'm  harvest  function  (Equation  3 


number  fished.  The  marginal  return  to  an  additional  trap  was  positive 
and  also  greater  than  the  marginal  return  for  any  of  the  other  three 


Rounds  per  week  (x?) 

As  the  firm  Increased  its  trap  pulling  rate  by  one  percent  (i.e., 
decreases  its  set  period),  landings  increased  by  44  percent  (8?  = .43991). 
Rounds  per  week  is  an  index  measuring  fishing  intensity  as  defined  in 
Appendix  B.  B2  was  statistically  significant  at  the  87  percent  confi- 
dence level.  The  marginal  product  of  x2  was  expressed  as 


n landings  decreased. 


landings 


Lie  to  increasing  the  numbi 


As  x2  increased  the  rate  of  increase  : 
example,  assume  the  firm  is  pulling  all  of  its  traps  once  per  week.  The 
marginal  product  'equation  37)  of  increasing  this  rate  to  twice  per  week 
would  be  approximately  4,500  pounds. 

of  days  a fisherman's  traps  set 
between  harvest  periods.  Rounds  per  week  (x2)  was  computed  by  dividing 
the  average  number  of  days  in  a set  period  for  the  season  into  seven 
days  of  a week.  By  substituting  this  definition  for  rounds  per  week 
into  the  firm  harvest  funcLion  (Equation  31)  the  marginal  product  of 
increasing  the  set  period  an  additional  day  was  calculated  (Table  6). 

For  example,  a fisherman  previously  harvesting  his  traps  after  the 


n Increase  h 


1 pounds  by  letting  h: 


periods, 
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Table  6.  Marginal  products  for  various  lengths  of  set 
study  of  Florida  spiny  lobster  fishery 


set  period  due  to  a one  day  intensity  in  terms 

(HP,.)  (*2> 


traps  set  four  days  between  harvests.  Likewise  total  landings  can  be 

days.  Increasing  from  a 10  day  set  period  to  an  eleven  day  set  period 
would  increase  total  landings  by  440  pounds,  while  a 271  pound  increase 
could  be  expected  by  allowing  traps  to  set  15  days  instead  of  14  days. 
Marginal  increases  in  total  landings  due  to  increasing  the  set  period 
by  one  day  can  be  estimated  for  any  length  of  see  period  by  the  follow- 


in'.. is  die  marginal  product  due  to  increasing  the  set  period 
a a 7/x2* 


fishermen 


day  set  period 


Interpretation  of  these  estimates  of  must  be  treated  with 
care.  First,  the  data  represent  seasonal  mean  levels  of  landings  re- 
lated to  rounds  per  week  which  vary  greatly  from  week  Co  week  throughout 

period  for  the  25  total  firms  in  the  sample  was  5.8  days.  By  March, 
the  last  month  of  the  season,  the  mean  was  13.3  days.  The  March  mean 

pie  specie  fishermen  usually  stop  lobster  fishing  by  the  end  of  December. 

Although  this  question  was  not  specifically  asked  in  the  interview 
n considerable  amount  of  information  was  volunteeted  Chat  indicated  the 
maximum  level  of  sec  period,  relative  Co  pouching  and  vandalism,  was 
correlated  with  location  of  fishing  ground  to  populated  areas,  distance 
from  shore, and  depth  e£  water.  The  remarks  indicated  chat  approximately 


four  days  was  the  maxi 
periods,  particularly 


r either  the  traps  were  in  sight  e! 
ips  to  fish  an  area  several  miles  : 


marginal  product  of  weeks,  expressed  as  follows: 


The  second  partial  derivative  of  the  harvest  function  for  weeks  fished 


Estimated  marginal  products  ai 
throughout  the  harvest  season 


63  was  statistically  significant  at  the 


lobster  season,  economic 
industry 


study  of  Florida  spiny  lobster 


Change  in  landings 
for  each  addition 
week  fished  (MP^) 


An  additional  week  of  fishing  after  August  7 would  return  approxi- 


landings 


18  pounds  and  then  to  429  pounds  pe 
f September  weekly  landings  tended 


ivel  off  dropping  to 
iome  of  the  larger  firms 
with  greeter  capital  investments  quic  lobster  fishing  by  November  1st 
and  go  to  other  species.  The  expected  net  returns  from  netting  mackerel 
or  long-living  yellow  tail  snapper  are  evidently  greater  for  at  least 

top  five  in  number  of  traps  (X)),  fishing  intensity  (X2X  and  size  of 

tial  and  returns  become  relatively  small.  Smaller  firms  often  did  not 
f fishing  for  other  species  at  higher  net  returns 
ie  lobster  fishery  the  entire  season.  On  the  other 
e advantage  in  other  fisheries  and 
the  season  when  approximately  68.6 
cent  of  total  landings  had  been  harvested. 

risk  of  losing  craps  Co  high  winds  and  rough  waters  becomes  high.  Con- 
sequently, larger  firms  fishing  in  excess  of  800  traps  have  the  largest 


hand,  larger  fii 


e probability  of  oce; 


Miauling  is  defined  as  pulling 


Craft  sire*  defined 
significant  of  several  m< 


developed  from  characteristics  of  the 
reasonable  to  assume  that  the  effect  of  craft  sire  <Bu> 

be  transported  and  relocated,  (h,  was  statistically  sig- 


nificant at  the  97  percent  confidence  li 
that  landings  increased  .31  percent  for 
craft  size  and  the  marginal  product  of  < 
creasing  rate.  This  uas  the  smallest  r 
effort.  The  range  of  craft  size  in  the 


From  Si,,  it  wa 
size  increased 


Appendix  H further 
classified  according 


characteristics  and  practices 
le  lobster  firms  surveyed. 

: square  footage  of  the  hull  (xq) 
estimated  using  the  following  equation: 


ranged  from  27.00  pound. 


n Figure  12,  being  less  than  zero. 


Tabic  8.  Marginal  products  a 


y lobster  industry 


(length  x width) 


Change  in  landings  for 
each  additional  square 
foot  increase  in  craft 
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408 


of  return.  After  xq  reached  350  square  feet  (approximately 
times  10  feet  wide)  returns  to  increasing  the  sise  of  the  cr 
level  off.  For  example,  in  Table  8 marginal  product  of  craf 
creased  by  48  percent  compared  with  a 156  percent  increase  i 


feet  long 
t began  to 


1,045  (55  feet  x 19  feet).  The  implications  were  that  marginal  decreases 
in  landings  due  to  increases  in  the  sixe  of  the  craft  were  smaller  for 
larger  firms  than  for  smaller  firms  at  mean  levels  of  various  inputs. 

In  summary,  the  estimated  firm  harvest  model  fitted  the  data  well 
and  all  individual  explanatory  variables  were  highly  significant  statis- 
tically. The  model  indicated  chat  firms  were  operating  in  stage  II  of 


square  feet  (xi.) 
lobster  craft  sixo  (MPX^) 

the  production  process,  defined  by  diminishing  marginal  returns  to  the 
inputs.  Number  of  traps  (j.j)  exhibited  the  largest  returns  to  increased 
input  usage,  and  had  the  highest  statistical  significance  level  of  all 
explanatory  variables.  Estimates  of  rounds  per  week  (x?)  revealed  that 
marginal  returns  to  more  frequent  pulls  or  longer  set  periods  would  be 
positive.  Number  of  weeks  fished  (x3)  by  law  is  limited  to  36,  although 
the  analysis  of  weeks  fished  indicated  that  the  economic  feasibility  of 
fishing  beyond  the  13th  week  is  questionable.  The  diminishing  marginal 
rate  of  returns  to  a firm  was  smaller  for  larger  firms  than  smaller 


id  results  of  determining  Che  level  of  inputs  where 
1 for  the  typical  firm  arc  presented  in  this  section. 


Tills  analysis  was  expanded  Co  determine  Che  optimum  allocation  of  Inputs 
for  each  size  of  craft  classified  by  the  sample  stratification. 

Optimum  level  of  input  usage  is  customarily  determine  by  solving 

this  case  X\  . ■ • Xq  can  be  considered  as  factors  of  production  and  X5 
and  xg  are  simply  area  adjustment  factors.  Rotationally,  the  equilibrium 
between  value  marginal  product  <VMP  ) and  marginal  factor  price  for 


Thus  the  optimum  solution  fc 


.s  determined  by  simultaneously 


The  terms  00  the  left  of  Equations  41-S6  represent  tile  value  marginal 
products  for  the  individual  facturs  determined  at  the  means  of  the  othei 

fortunately  the  factor  prices  (P  ) were  not  unique  exogenous  prices, 
the  traps  (xj ) variable  was  the  principle  factor  through  which  all 


inputs  were  translated  into  fishing  effort.  Although  analyses  of  vari- 
ables measuring  effort  Intensity  (x2,  *3,  end  x„)  have  provided  useful 
production  information,  the  principle  reason  for  specification  of  these 
in  the  model  was  to  allow  for  partial  estimates  of  the  crap  effect. 

Tills  model  adjustment  was  required  because  the  data  base  represented  a 
cross-section  of  firms  which  varied  with  respect  to  x2,  X3,  and  xq. 

Thus  an  optimum  solution  in  this  analysis  will  be  limited  to  (a)  deter- 
mination of  opcimal  trap  use  for  given  (mean)  levels  of  the  adjustment 
variables  and  (b)  discussion  of  possible  or  feasible  levels  of  x2,  x3. 


The  price  of  an  additional  trap  fished  (P^)  is  not  simply  the 
price  of  the  trap  but  is  the  price  of  the  crap  and  the  cose  of  fishing 
the  additional  trap.  This  latter  component  presented  difficulty  in 
determining  Pxj.  Total  cost  per  firm  was  regressed  on  the  number  of 
traps  fished  per  firm.  OLS  regression  technique  assuming  BLUE  estima- 
tors was  used  to  estimate  the  total  cost  function  (TC)  expressed  in 
Equation  <*1 : 


The  coefficient  of  determination  corrected  for  small  sample  sire  (Rz) 
was  .53  and  the  estimated  coefficient  ($11.55)  for  traps  per  firm  was 
statistically  significant  at  the  99  percent  confidence  level  (t-value 
equal  5.328).  The  constant  term  ($1,876)  was  interpreted  to  represent 
fixed  costs  which  do  not  vary  with  level  of  trap  use.  The  coefficient, 
$11.55,  represented  Che  marginal  factor  price  of  an  additional  trap 
'fished.  Total  costs  were  used  for  estimation  racher  than  variable  costs 
because  a large  component  of  trap  cost  was  included  in  fixed  cost 


through  depreciation.  The  esciiaare  of  optimum  number  of  traps  per  firm 
(xi)  using  this  factor  cost  estimate  is  presented  in  Table  9 with  respec- 
tive landings,  profit  levels,  total  revenue,  and  total  cost. 

Table  9.  Optimum  levels  of  trap  usage  per  firm  and  resulting  levels  of 
profits,  total  revenue,  total  cost,  and  landings  given  trap 
cost,  economic  study  of  Florida  spiny  lobster  industry 


Optimum  Trap  Total  Total  Profits  Landings  (q) 

level  of  factor  revenue  costs  (n)  (pounds) 


The  optimum  level  of  traps  given  a factor  price  of  $11.95  was  1,491. 
Relatively  small  variations  in  the  factor  price  of  a trap  produce  signif- 

able  nature  of  the  optimum  solution  is  significant  in  that  it  offered  a 
possible  explanation  for  the  rapid  increase  in  trap  usage  in  the  industry. 
Relatively  small  changes  in  product  price  (P  ) or  factor  price  of  a trap 
(P^  ) resulted  in  considerable  expansion  of  fishing  effort  on  trap  usage. 
This  finding  justifies  further  consideration  of  trap  usage  in  management 
considerations  in  the  following  chapter. 

Before  closing  this  chapter  consideration  of  the  remaining  independ- 
ent variables  is  warranted,  given  che  earlier  significant  estimates  of 
their  marginal  effects.  One  crude  method  for  estimating  che  factor  prices 
for  X2,  X3,  and  XI,  involves  dividing  total  cost  or  total  variable  for 


dividing  total  costs  by  Che  mean  number  of  weeks  in  the  sample.  Optimum 

at  $4,747.  Optimum  size  of  craft  measured  as  square  footage  of  hull  was 
estimated  at  179.11  square  feet.  Factor  costs  were  derived  by  dividing 
total  variable  costs  by  mean  craft  size  for  the  sample.  At  this  level 
of  craft  size  profit  estimated  for  the  typical  firm  was  $718. 

Thi6  procedure  was  presented  for  illustrative  purposes  and  its  use- 
fulness depends  on  accurate  estimates  of  factor  prices.  In  addition, 
total  revenue,  total  cost,  and  resulting  profits  were  also  dependent  on 
levels  of  other  inputs  which  in  the  above  analysis  were  held  at  mean 

that  the  predicted  level  for  rounds  per  week  and  weeks  fished  in  Table 
10  were  both  close  to  actual  observed  values  in  the  industry,  thus  sug- 
gesting that  if  firms  are  maximizing  profits,  the  above  estimates  of 
factor  prices  for  X2  and  X3  are  reasonable.  The  factor  price  estimated 
for  craft  size  evidently  may  be  a substantial  error  because  the  optimal 
hull  size  of  Che  typical  craft  was  predicted  at  179.11  square  feet,  con- 
siderably different  frum  the  current  industry  average  size  of  326.88 
square  feet.  Furthermore,  Che  predicted  profit  per  firm  of  $718  does 

At  this  point,  one  additional  conclusion  was  indicated  with  respect 
to  variations  in  firm  profits  due  to  fishing  areas.  Fishing  in  the 
upper  (xs)  and  lower  (X6)  Keys  regions  produced  increased  profits.  How- 
ever, only  85  was  statistically  significant  at  the  99  percent  confidence 
level,  compared  with  a 56  percent  confidence  level  for  65.  Therefore, 
there  exists  a good  chance  profits  will  be  greater  if  firms  fish  above 
Lower  Matecumbe  Key  rather  than  fish  the  adjacent  area  down  to  Big  Pine 


Key.  Fishing 


probably 


Big  Pine  Key  up  to  Lower  Matecumbc  Key.  The  model  would  have  to  be 
respecified  to  determine  if  there  exist  only  two  significantly  dif- 

held  at  the  respective  1973  levels:  618,  for  Xj;  .834,  for  xzi  33.08, 
for  x3;  and  326.88,  for  xq.  Product  price,  P , was  assumed  equal  to 


respect  to  X[  and  X2  and  set  equal  to  zero  to  determine  a maximum  (or 
minimum)  level  of  inputs. 


+ =-  + =-)  ’ X2 11876  + 


III  a industry  profic, 

1876  + 11.55  Xi  * per  firm  total  costs  expressed  as  a function 


BlPY 

XlZ 


(49) 


the  industry,  each  fishing  795  traps.  Using  Equation  22  maximum  economic 
yield  was  estimated  at  5,778,274  pounds.  This  estimate  was  16  percent 

traps,  87  percent  less  chan  the  estimated  value.  Several  implications 
can  be  drawn  from  this  analysis.  First,  industry  profits  have  currently 
not  been  maximised  nor  has  total  industry  landings  reached  a peak. 

Second,  firms  could  be  larger  and  more  efficient,  maximizing  profits 
through  economics  of  size.  Finally,  total  industry  costs  could  be  re- 
tainable yield  (HSY)  and  resulted  from  an  optimum  allocation  of  factor 
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es.  However,  management  authorities  allocating  factor  r 
could  consider  factors  such  as  "grandfather  clause  and  minimum  levels 
of  input  uses  (such  as  more  firms  than  the  optimum  213  firms  solved  for 
in  this  study) . Consequently,  only  one  input  at  a time  will  most  likely 
be  considered  for  regulation.  Alternatively,  the  management  ai 
may  not  strive  to  reach  the  most  profitable  1( 
least  initially,  since  social  and  political  il 

ered.  For  these  reasons  the  remainder  of  this  chapter  will  consider 
alternative  levels  of  maximum  economic  yield  with  respect  to  given  ci 
straints.  That  is  one  input  will  be  analysed  while  other  inputs  are 


Evaluating  MEY 

Maximum  economic  yield  w. 

explained  chat  the  traps  data 


he  previous  section  using 


harvest  function  in 


►ver  time.  Trap  data  in  the  analysis  of  the  firm 
raps  a partial  effect  and  probably  more  accurate. 


The  technique  used  to  reestimate  MET  wns  different  than  the  first 
method  which  involved  a simultaneous  solution  of  the  industry  profit 
function.  In  this  case  the  assumed  number  of  traps  per  firm  (Xj)  and 
the  estimated  optimal  number  of  firms  (X2  > required  for  Industry  profit 
maximisation  was  substituted  into  the  original  bioeconomic  industry  har- 
vest function.  In  the  following  equation  landings  are  now  defined  as 
maximum  economic  yield  (MET)  for  a given  combination  of  traps  per  firm 
(x,)  and  number  of  firms  (X2),  assuming  a constant  mean  seasonal  water 
temperature  (X3)  of  77 .591®F: 

* Pi  $2  - 

MK  - o + — + rnt+  $3(77.591).  (51) 

X)  X2 

The  optimal  number  of  firms  (X2  ) was  defined  os  that  number  which 
maximized  industry  profit  while  fishing  the  number  of  traps  per  firm 
that  was  specified  for  the  estimation  of  KEY.  Consequently,  total  cost 
per  firm  and  resulting  total  industry  cost  varies  according  to  the  num- 
ber of  traps  specified.1  Optimal  number  of  firms  was  derived  for  each 
level  of  traps  per  firm  from  the  following  equality  between  the  value 


Industry.  Alternatively,  the  estimated  value  of  can 
to  be  a function  of  the  number  of  craps  the  firm  fishes, 
tion  of  Px  using  OLS  regression  technique  was 


marginal  produce 
cm  (PX2>: 


of  firms  and  the  total  cost 


vmpx2  “ fX2 


the  ex-vessel  price  per  pound  (P ), 
p^  - 1,876  + 11.55  Xi,  the  firm  total  cost  function,  and 
X2  = optimal  number  of  firms  estimated. 

The  three  levels  of  craps  per  firm  (Xi)  selected  to  reestlraate  MEY 
were  (a)  the  1973  mean  number  of  traps  per  firm  for  the  industry  (629) , 
(b)  Che  mean  number  of  traps  per  firm  in  the  survey  (613),  and  (c)  the 
optimal  number  of  traps  per  firm  for  profit  maximization  estimated  in 
the  firm  analysis  from  cross-sectional  data.  The  respective  optimal 

ing  629  traps  each,  (b)  236  firms  fishing  618  traps  each,  and  (c)  225 
firms  fishing  700  craps  each.  The  criteria  for  evaluation  are  presented 
in  Table  11.  Comparable  values  can  be  derived  for  Che  typical  firm  by 

In  Table  11,  landings  were  estimated  at  6.7  million  pounds  given  the 
optimum  number  of  firms  (271)  estimated  from  Equation  51.  Each  of  these 


million. 
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Table  11.  Maximum  number  of  firms  (Xo*) , landings,  revenues,  and  costs 
for  industry  profit  maximisation  given  desired  management 
levels  of  traps  per  firm  (Xi),  economic  study  of  Florida 
spiny  lobster  industry 


<X2*>  (Xi) 


“8S 


Profit 

(n) 


Note:  Definitions  for  Table  11: 

X2*  " Determined  as  optimum  level  of  X2  given  Xi  for  profit 
maximisation  (VMP^  - p^) . 

Xi  - Assumed  desired  management  levels  for  Xi  as  previously 

HEY  - Maximum  economic  yield  given  X2 ' and  Xi . 

TR  - Total  revenue  from  landings,  assuming  197A  ex-vessel 
price  (P  ) of  $1.08  per  pound  (TR  “ P • HEY). 

TC  - Total  operating  costs  [TC  “ X2(1,S76  + 11.55  Xj) 3 . 


This  would  result  in  total  landings  of  approximately  5.5  million  pounds, 
of  firms  required  for  profit  maximisation  is  225,  resulting  in  landings 

optimum  number  of  firms  required  in  the  industry  to  maximise  industry 
profits  ranges  from  225  to  271  firms.  Maximum  economic  yield  for  these 

cent  below  1973  landings  of  5 mllliou  pounds  to  12  percent  above. 


Estimated  earnings  and  coses  for  the  input  levels  are  also  presented 
in  Table  11.  These  estimates  are  with  respect  to  1973-74  season  stock 
levels  and  environmental  conditions. 


Policy  Implications 

The  estimated  MSY  of  six  to  seven  million  pounds  presented  in 
Chapter  IV  currently  has  not  been  attained,  landings  are  within  20  to 
40  percent  of  this  estimate  of  MSY.  It  appears  unlikely,  given  the 
estimated  MEY  of  5.8  million  pounds,  that  fishing  effort  will  cause 
landings  to  surpass  MSY,  ac  least  in  the  near  future.  This  is  based  on 
the  fact  that  7 million  pounds  are  not  reached  until  649  firms  enter  the 
industry  with  700  traps  each.  With  the  400  firms  presently  in  the  in- 
dustry each  would  have  to  fish  1,000  traps  to  harvest  7.2  million  pounds. 
These  levels  of  inputs  are  considerably  above  typical  levels  found  in 
the  industry.  Therefore,  the  current  major  concern  facing  the  regula- 
tory agency  is  maintaining  a politically  acceptable  maximum  economic 
yield  (MEY)  for  the  Industry. 

From  the  evaluation  of  MEY  it  is  obvious  the  policy  maker  is  faced 
with  numerous  choices  of  combinations  of  traps  per  firm  and  number  of 
firms.  The  optimum  combination  of  these  resources  depends  on  the  state  s 
management  objectives.  For  example,  objectives  based  upon  a strict  pro- 
fit maximisation  motive  may  lend  to  regulatoty  legislation  that  would 
reduce  the  current  number  of  firms  to  less  than  300  (based  on  Table  11), 
allowing  only  the  most  efficient  firms  to  operate.  Conversely,  objec- 
tives based  on  a social  welfare  optimization  motive  may  very  welL  en- 
courage maximum  entry  of  less  efficient  firms.  The  number  of  firms 
would  be  limited  only  by  the  probability  of  landings  surpassing  MSY. 


As  more  biological  information  concerning  MSY  becomes  available, 
the  relationship  between  MSY  and  KEY  will  become  more  useful  in  develop- 
ing management  guidelines.  An  analysis  of  the  impacts  of  a wider  range 
of  various  combinations  of  inputs  and  management  objectives  is  presented 


e Analysis  of  Alternative 

Extreme  variation  may  occur  in  the  impact  of  the  different  manage- 
ment programs,  depending  on  which  resource  (Xj  or  Xa)  is  manipulated  and 
to  what  degree.  Thus  it  is  extremely  important  to  know  the  impact  of 
various  combinations  of  these  resources  in  order  to  design  policy  goals 
and  select  parameters  for  management  programs.  To  illustrate  this  point 
Tables  12  and  13  were  developed  to  show  the  impacl  of  various  combina- 

(Q,  q),  total  revenue  (TR),  total  cost  (TC),  and  profit  (IT)  for  the 
Illustrated  in  Table  13  are  various  levels  of  traps  per  firm  holding 


there  was  an  average  of  701  traps  per  f 
using  the  bioeconomic  Industry  harvest 
chapter  resulted  In  795  craps  per  firm 
Industry  landings  (Q)  ranged  from 


'inn.  Finally,  the  MEY  analysis 
function  at  the  beginning  of  this 

3.1  to  7.4  million  pounds  as  the 


represents  only  a 141.7  percent  increase  In  total  Industry  landings  as 
the  result  of  a 1,400  percent  increase  in  effort.  Total  costs  become 
greater  than  total  revenues  when  the  number  of  firms  exceeds  966.  If 
the  1973-74  season  level  of  400  firms  were  in  effect,  landings  would  be 
6.6  million  pounds  with  industry  profits  of  $3.1  million.  Thus,  if  each 
firm  fished  700  craps  (selected  economic  optimum  for  1974)  225  firms 
would  maximise  industry  profits.  Approximately  772  firms  would  likely 
dissipate  all  industry  profits,  while  the  400  existing  firms  could 
operate  at  a total  industry  profit  level  of  $3.1  million.  Maximum 
industry  profits  would  occur  with  225  firms,  each  fishing  700  traps. 
This  would  result  in  landings  of  5.6  million  pounds. 


Estimates  on  a per  firm  basis  presented  in  Table  12  were  derived  by 
dividing  total  industry  estimates  by  the  appropriate  number  of  firms. 
Estimated  landings  per  firm  (q)  ranged  from  4,938  to  30,646  pounds  for 
the  alternative  programs.  Costs  per  firm  were  constant  in  Table  12. 
Estimated  average  profits  per  firm  ranged  from  $23,137  for  100  firms  in 
the  industry  to  $3.00  per  firm  for  771  firms  in  the  industry.  Total 
costs  per  firm  were  estimated  Co  exceed  total  revenues  per  firm  when  Che 
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Alternative  Levels  of  Traps  Per  Firm 

The  effects  of  varying  traps  per  firm  from  200  to  1,000,  holding 
the  number  of  firms  at  the  1973-74  level  of  400,  is  presented  in  Table 
13.  Total  industry  landings  (q)  decreased  from  a maximum  of  7.2  mil- 
lion pounds  using  1,000  traps  per  firm  to  1.4  million  pounds  using  200 
traps  per  firm.  At  levels  less  than  205  traps  per  firm  total  coots  were 
greater  than  total  revenues  (Table  13).  Maximum  profit  for  the  industry 
and  per  firm  occurred  when  the  overage  number  of  traps  per  firm  was  580. 
At  this  level  total  industry  landings  were  6.1  million  pounds. 

landings  (q)  per  firm  ranged  from  3,527  to  17,926  pounds  for  a 


o $39  w 


205  traps  per  firm.  At  618  traps  per  firm  (sample  mean)  total  industry 
landings  (q)  were  6.3  million  pounds.  This  level  of  landings  was 
greater  than  the  5.3  million  pounds  estimated  using  Che  mean  number  of 
traps  per  firm  in  the  time-series  analysis  (429  traps  per  firm). 


Evaluation  of  Estipiacus 

Model  estimatir.irs  thus  far  appear  to  be  reasonable  in  comparison 
to  actual  primary  and  secondary  data.  In  1973,  399  firms  fishing  an 
average  of  429  traps  entered  the  industry  and  landed  4.99  million 
pounds.  According  to  Che  analysis,  400  firms  each  fishing  429  traps 
would  land  approximately  5.3  million  pounds.  The  average  full-time 
firm  earned  a profit  of  $8,719  in  1973  fishing  618  traps  (Prochaska  and 
Williams  [37]) . This  compares  with  the  estimated  profit  of  $7,943  per 
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marginal  rate  of  technical  substitution  of  traps  per  firm  for  firms 
(HRTSj.  j.  ) and  is  expressed  in  the  following  equation: 


Using  input  levels  for  the  1973-74  season  as  set  forth  in  the  time- 


increasing  the  number  of  firms  in  Che  industry  (X2)  from  400  to  401 

(7,69  rounded)*  to  426  traps  to  maintain  1973  landings  of  5,253,958 
pounds.  This  would  result  in  a total  decrease  of  only  774  traps  in 
the  industry.  Total  cost  per  firm  would  decrease  by  $34.65.  Constant 
landings  would  result  in  an  identical  level  of  industry  total  revenue, 
but  the  additional  firm  in  the  industry  would  decrease  average  revenue 

total  costs  by  $7,064  and  thus  lncroase  industry  total  profit. 

^Assuming  429  Xj,  400  X2,  $1.08  P , TC  equal  to  $1876  + $11.55  X2. 
^KRTS^^  » 2.69  is  rounded  to  3.0  since  inputs  ore  lndlvisable 
thus  not  accurately  maintaining  the  equality  of  MSY  and  total  revenues. 


MRTSXiX2  dlmlnlshes  as  “r*  f!rms  arc  “■'•’"ticutcd  for  traps  per 
firm  and  this  is  illustrated  by  the  concave  isoquants  in  Figure  13. 

This  condition  is  recognised  as  satisfying  the  principle  of  diminishing 
marginal  rate  of  technical  substitution  and  is  caused  by  two  factors. 
First,  the  marginal  product  of  firms  (MP^)  diminishes  os  the  numbor  of 
firms  increases  while  the  number  of  traps  per  firm  is  held  constant. 

This  is  defined  as  a downward  movement  along  the  MP^  curve.  Second,  as 

firms  decreases  (thus  shifting  the  MP„  curve  downward) . As  more  firms 
(X2)  are  substituted  for  fewer  traps  per  firm  (Xi)  the  marginal  produc- 
tivity of  the  additional  firm  in  the  industry  will  be  less.  The  oppo- 


i increase  the  marginal 
ic  marginal  product 


number  of  firms  (X2) • The  same  two  forces  act  t* 
function  of  number  of  firms  (X2)  decreases. 

tion  of  ridge-lines  (defined) . 


the  previous  level  of  landings  (5,348,203  pounds)  where  Industry  profits 

by  2.55.  This  was  illustrated  In  Figure  13  as  moving  along  the  iso- 
quant where  landings  (Q)  equals  5,848,203  pounds. 


Table  14.  Marginal  rate  of  technical  substitutions  (MRTS^^)  of  traps 


per  firm  (X j ) for  number  of  firms  (X[ ) holding  traps  per 
firm  constant  at  700,  economic  study  of  Florida  spiny  lobster 
industry 


Number  of  Marginal  rate 

firms  of  technical 


Carrying  this  example  one  step  further  and  assuming  a 

is  fishing  approximately  three  (2.55  rounded)  fewer  traps  i 
tional  firm  in  the  fishery,  total  costs  per 


*Notationally  this  can  be  expressed  as 


times  2.S5,  or  approximately  $35.00,  but  industry  tocol  costs  increased 
by  $12.99.  This  amount  is  due  to  increased  fixed  costs  generated  by 
the  additional  firm.  Furthermore,  industry  total  revenue  remains  un- 
changed since  product  price  was  held  constant  and  landings  were  unchanged 
due  to  substitution  of  inputs  along  the  isoquant.  However,  total  revenues 
per  firm  decrease  by  approximately  $101  because  the  same  level  of  total 
Industry  revenues  was  divided  by  one  additional  firm. 

The  analysis  of  the  marginal  rate  of  technical  substitution  between 
inputs  can  also  provide  useful  information  in  deciding  which  inputs 
should  be  changed  (limited  or  allowed  to  increase)  to  induce  desired 
changes  in  sustainable  yield  levels.  For  example,  at  400  firms  in  the 
fishery,  KRTS^^  equals  approximately  unity  (1.0108)  and  substituting 
either  traps  per  firm  (Xi)  or  number  of  firms  (X;)  for  the  other  at  this 
point  would  not  significantly  change  total  industry  landings.  As  more 
than  400  firms  enter  the  industry,  Che  marginal  increase  in  industry 
landings  is  greater  if  increments  are  made  in  traps  per  firm  than  if 
additional  firms  arc  allowed  in  the  industry.  At  425  firms  the  marginal 
product  of  traps  per  firm  (MP„  ) is  14.1  percent  greater  than  the  margi- 

costs  is  questionable.  This  is  assuming,  of  course,  that  proportionate 
increases  in  costs  per  trap  are  not  unreasonably  higher  than  costs  per 
firm,  which  is  highly  unlikely.  Therefore,  i£  some  reasonable  level  of 


The  boundary  lines  shown  in  Figure  13  indicate  the  maximum  amount 
of  one  input  that  can  be  combined  with  another  input  withouc  causing 
profits  to  be  negative.  This  boundary  is  calculated  as  those  points 
where  the  firm's  total  revenue  equals  total  cost.1  The  boundary  lines 
were  calculated  by  setting  total  revenue  minus  total  operating  cost 
equal  to  zero  and  then  solving  for  each  input  in  terms  of  the  other . 

The  economically  feasible  combinations  of  traps  per  firm  (Xj)  and  number 
of  firms  (X2)  ate  shown  in  Figure  13.  The  area  between  the  ridge  lines 
defines  the  region  of  profits  for  the  firm.  Note  that  any  number  of 
firms  beyond  approximately  950  will  result  in  negative  returns  at  any 
level  of  trap  use.  The  minimum  number  of  firms  required  to  yield  reve- 
nues equal  to  oosts  was  16.  The  left-hand  ridge-line  asymptotically 
approached  this  limit  of  firms  (X2) , but  beyond  the  realistic  range  of 
traps  per  firm  (Xi>.  The  production  function  specified  that  a minimum 
of  51  traps  per  firm  was  required  to  land  a positive  yield,  but  when 
costs  of  production  are  considered,  at  least  207  traps  per  firm  were 


*The  right-hand  ridge-line  is  expressed  os  the  following  relation- 


The  left-hand  ridge-line  can  be  expressed 


k - a - 63X3  - 9773480.707, 


(previously  defined). 


required,  as  indicated  by  the  aero  slope  of  the  lower  left-hand  ridge- 
line.  The  feasible  range  for  traps  per  firm  increased  above  250  traps 


Summary  of  Management  Tools 

When  combined  with  reliable  input  cost  information,  isoquant  analy- 
sis can  be  a very  effective  tool  in  evaluating  Che  impact  of  management 
strategics.  Discrete  analysis  is  useful  if  one  of  the  input  levels  has 
been  pre-determined,  which  may  often  be  the  case  due  to  social  and  in- 
stitutional constrainst.  An  unconstrained  maximum  economic  yield  can  be 
determined  by  solving  the  first  order  conditions  of  the  industry  profit 
function.  If  inputs  are  limited,  maximum  economic  yield  can  be  derived 
by  substituting  the  particular  input  constraint  and  an  estimate  of  the 
optimal  profit  maximising  level  cf  the  ocher  input  into  the  bioeconomic 
industry  harvest  model. 

These  tools  have  been  developed  as  a result  of  this  study  to  aid  in 
the  design  and  evaluation  of  management  strategies.  With  this  goal  in 
mind  the  remainder  of  this  chapter  is  devoted  Co  analysing  a few  selected 
traditional  management  programs  and  a suggested  management  strategy  de- 
signed from  the  tools  presented  in  this  study. 


Analysis  of  Traditional  Management  Programs 
Types  of  traditional  management  programs  considered  in  this  study 
were  (a)  regulating  inputs  through  licensing  and  (b)  Issuing  landings 
quotas.  Specific  evaluation  criteria  included  were  industry  revenues, 
harvesting  costs,  and  enforcement  costs.  Revenues  Co  the  state  to  cover 
'Implementation  and  enforcement  costs  were  analysed  with  respect  to 
from  license  fees  and/or  raxes  on  landings. 
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For  each  of  Che  programs  analyzed  Che  following  assumpclons  were 
made,  unless  ocherwise  specified:  ex-vessel  price  per  pound  (P  ) equaled 
51.08  (1975  mean  price);  number  of  firms  in  Che  induscry  (X2)  was  400 
(1973  level);  craps  per  firm  (Xj)  was  618  (sample  survey  mean);  desired 
level  of  landings  (Q)  equaled  5 million  pounds  (1973  level) ; and  local 
cose  per  firm  equaled  51876  plus  511.55  per  crap  (escimaCed) . 


Licensing  Traps 

Licensing  of  craps  and  Che  charging  of  a fee  increases  coses  buc 
appears  economically  and  polidcally  feasible,  provided  chac  some  form 
of  "grandfacher  clause"  is  included  which  limlcs  Che  number  of  firms  in 
Che  induscry  Co  ac  lease  chose  chac  were  previously  fishing.*  As  Che 


, Che  number  of  Craps  1 
Co  obcain  higher  marginal  produccivlcics  so  tl 

As  a way  of  illuscracing  Che  effeecs  of 
analysis  in  Table  15.  Tocal  landings  would  b 
average  firm  profirs  would  bo  57,325,  if  618 
firm.  Given  arsumed  desired  annual  landings  - 
duccion  in  overage  craps  Co  400  per  firm  wouli 


s would  reduce  effort  in 
s program,  consider  the 

5 million  pounds,  a re- 


be  52.65  million  af 


er  the  reduction,  a portion  of  which 
finance  che  management  of  the  program, 
in  Che  form  of  captain's  wages  and 


regulation  muse  he  allowed  to  remain  in  the  fishery. 
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The  optimum  number  of  traps  per  firm  which  resulted  in  maximum  pro- 
fits per  firm  ($7,970)  was  580  (Table  13)  when  no  license  fee  was  in- 
creasing to  $7,402  (Table  15).  The  number  of  traps  per  firm  required  to 
maintain  industry  landings  at  the  assumed  desirable  management  level  of 

would  drop  5.7  percent  to  $6,623  due  to  the  trap  license  fee.  Profit 
per  firm  ranged  from  near  aero  to  $7,402  with  the  license  fee  (Table  15), 
compared  with  near  zero  to  $7,970  without  the  license  fee  (Table  13). 

and  was  greatest  at  the  higher  levels  of  traps  per  firm  (Xi).  Beyond 
207  traps  per  firm,  the  firm  does  noc  return  a profit  if  a $1.00  license 
must  be  paid.  This  source  compared  with  205  traps  per  firm  without  a 

‘Considered  in  the  range  of  a politically  feasible  fee. 


license  fee.  Notice  that  beyond  400  traps  per  fi: 
the  number  of  firms  is  limited  to  400. 

license  fee  would  need  to  be  adjusted  accordingly.  The  estimates  pre- 
sented in  this  section  would  change  as  different  management  objectives 
and  values  are  assumed  for  ex-vessel  price  (P  ) , number  of  firms  ( X ; ) , 

firm  is  not  easily  regulated.  It  would  be  extremely  difficult  and  expen- 

above  analysis  provides  valuable  information  with  respect  to  the  results 
expected  as  number  of  traps  per  firm  varies.  Further  analysis  of  imple- 

manage  trap  numbers  can  be  a feasible  management  alternative.  Otherwise, 
this  management  program  may  be  deferred  until  more  cost-effective  means 
of  regulating  traps  are  discovered. 


Licensing  F: 


This  type  of  management 
that  it  Induces  an  increased 
increase  only  the  more  efficient  fishermen 
and  remain  in  the  industry.  A program  that 

these  restrictions  were  not  assumed  in  this 
purposes  a license  fee  of  $1000  per  firm  wa 


firm  through  a fee.  As  firm  costs 

: traps  and/or  landings  but 
analysis.  For  illustrative 
i assumed  feasible  (Table  16). 1 


(X2)  assuming  no  firm  license  ft 
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for  694  firms.  Total  industry  cor 
ranged  from  $1.3  million  for  121  1 

creased  from  225  firms  (Table  12) 

firm  increased  by  $2,845  because  I 

firm  profits  remained  the  same  at 
shift  in  the  industry 

when  license  fees  are  charged  cn  i 
be  set  to  allow  the  desired  level 


Increased  with  the  license  fee  and 
is  to  $10.6  million  for  966  firms, 
.rms  for  maximum  Industry  profit  de- 
211  firms.  Total  industry  landings 
rounds  due  to  fewer  firms  fishing  but  profit  per 
because  total  industry  cose  was  reduced  more 

it  function. 

i analysis  are  that  inputs  (traps)  used  in  the 

baeis.  License  fees  could 
o maximize  profits  while 


program  for  regulating  entry 
tively  fewer  number  p£  firms 


e manageable  and  enforceable 
in  the  industry  and  current 


The  number  of  licenses  issuod  would  be  based  on  desired  levels  of 
traps  per  firm  (Xj),  landings  (Q)  and  expected  prices  of  inputs  and 
outputs.  If  traps  are  not  regulated,  limiting  firm  numbers  does  not 
guarantee  chat  the  desired  harvest  level  selected  would  not  be  surpassed 
if  the  harvest  level  desired  is  less  chan  MET.  Depending  on  the  impor- 
tance oi  maintaining  a desired  level  or  landings,  a landings  quota  could 


attached  to  the  firm  license 


actual  landings  equal  projected 


desired  landings. 

Landing  Quotas 

Under  this  management  alternative  each  firm  would  be  allocated  a 
percentage  of  the  desired  harvest.  This  percentage  could  be  baaed  on 
landing  records  of  individual  firms  and  desired  harvest  levels.  The  de- 
sired harvest  level  would  be  announced  prior  to  the  oponing  of  the  sea- 
son. For  example  if  each  firm  of  the  400  in  the  industry  were  allotted 
.25  percent  of  an  estimated  5 million  pound  harvest  level,  the  landings 
quota  per  firm  would  be  12,500  pounds.  Profits  per  firm  would  be  a 
function  of  fixed  costs  plus  Che  number  of  traps  each  firm  fished  since 
the  number  of  traps  per  firm  determine  total  cost.  In  order  that  effi- 
ciency and  technological  innovation  would  not  be  impeded,  firms  could  be 
allowed  to  lease  port  or  all  of  their  quotas  at  the  market  price.  To 
prevent  monopolistic  practices  from  developing  a maximum  number  of  quotas 
per  firm  could  be  established. 

An  alternative  to  establishing  a constant  quota  per  firm  would  be 
to  vary  the  quota  per  firm  based  on  percentages  of  previous  years'  land- 
ings. For  example,  percentages  could  be  40  percent  of  the  first  year, 

25  percent  of  Che  second  and  15  percent  of  the  third.  This  absolute 
figure  is  adjusted  up  or  down  by  a constant  percentage  per  firm  depend- 

yield  for  the  coming  season.  Other  activities  such  ns  leasing  would  not 

The  license  fee  paid  for  Che  quota  could  be  based  on  estimated  pro- 


conjunction 


discussed 
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could  be  sec  forth  as  a percentage  of  each  firm's  expected  total  reve- 
nues from  landings.  For  example,  in  Table  12,  with  400  firms  fishing 
700  traps  each,  profit  per  firm  was  $7,734  without  any  license  fee. 
Assuming  that  total  implementation  end  enforcement  costs  of  the  program 

ity  of  the  fee  charge  nexc  year's  license  fee  could  be  set  at  11.3  per- 
cent of  the  previous  year's  total  revenue  ($2,000  ■ $16,320)  instead  of 
25.9  percent  ($2,000  v $7,734)  of  the  previous  year's  profit  per  firm. 

more  efficiently  by  some  form  of  auctioning.  If  firms  exceeded  their 
landing  quotas  a fine  per  pound  could  be  levied  that  would  be  severe 

The  major  advantage  of  a quota  system  is  the  assignment  of  owner- 

market  system  to  operate  more  easily  than  would  tl 


more  freely,  less  government 


However,  several  disadvantages  at 
First,  Che  quota  system  would  require 
sustainable  yield  levels  which  might 


marketing  system  operates 
required,  leading  to  lower 

1 be  used  for  controlling  landings 
research 


landings  are  considerably  less  than 
of  MSY  are  not  required  for  reasons 
logical  point  of  view.  Therefore,  i 


thus  highly  accu 
s questionable  whether  the  add 


research  expense  to  accurately  determine  MSY  is  justified  in  the 

nother  possible  misconception  is  Chat  a quota  system  leads  to  HEY . 
s not  necessarily  true,  particularly  with  respect  to  an  industry 
s the  spiny  lobster  industry  where  a large  percentage  of  landings 
ught  in  the  beginning  of  the  season.  With  a quota  system,  effort 

t the  management  program)  as  fishermen  attempt  to  fill  their  quotas 
before  lobsters  become  scarce.  This  situation  would  cause  harvest- 


Rebate  Program 

program  Integrates  several  features  of  previously 
this  program  effort  measured  by  the  number  of 

landings.  Finally,  this  program  allows  the  market  system  to  regulate 

Landings  regulated  in  this  manner  could  be  substantially  less  costly  to 
regulate  due  to  less  government  intervention  than  in  the  more  traditional 
management  programs  discussed. 

These  advantages  are  not  to  imply  that  the  harvest  rebate  program 
is  "the  approach”  for  fishery  management.  Rather,  this  program  was  de- 
signed to  specifically  consider  problems  of  the  spiny  lobster  Industry, 


an  illustration  of 
f specific  effects 


n landings,  revenues 


fisheries.  The  follow- 


Configuration  of  the  Harvest  Rebate  Program 

Establishing  this  program  would  begin  with  a moratorium  on  all  lob- 

of  firms  would  bo  initially  limited  to  Che  1973  level  of  400.  Next,  an 
accurate  recording  of  the  average  number  of  traps  fished  per  firm  (Xi) 

the  total  program  in  a given  season. 

Once  the  optimum  number  of  traps  (xi  ) is  established  using  the  firm 
harvest  model  (Equation  31),  the  maximum  number  of  firms  required  to  her- 

not  allowed  to  enter  the  industry  would  receive  rebate  payments. 

Who  would  receive  permits  would  be  a difficult  question  to  answer. 
One  approach  is  presented  here.  As  an  Initial  program  activity,  for 
example,  an  application  deadline  could  be  established  for  licenses  and 
rebates.  At  this  time  a range  of  probable  license  fees  and  rebate  pay- 

e estimate  of  license  fees  and  payments 
k period  (Arbitrary)  would  be  allowed 


o many  rebate 
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After  the  three-week  deadline  licensee  and  rebate  certificates 

down;  dO  percent  by  September  15th,  since  August  is  usually  the  beet 
harvesting  month;  25  percent  by  November  1st;  and  the  final  10  percent 
by  the  first  of  the  year.  The  installment  plan  would  closely  parallel 
the  timing  of  the  majority  of  landings.  The  balance  of  the  license  fee 


Alternatively,  an  auction  system  could  be  set  up  to  determine  the 
first  round  of  harvesters  and  rebate  receivers.  This  has  been  suggested 


marginal  cost  and  marginal  revenue.  This  approach  could  also  be  used  if 
economic  rent  is  au  important  consideration  of  the  analysis,  a point  with 


expensive  than  the  cost  of  current  regulatory  programs.  All  craft  and 
gear  must  be  easily  identifiable  from  the  air.  More  thoughtshould  be 
given  to  legislation  and  regulation  of  designated  fishing  areas  prohiblt- 


Harvest  Rebate  Program 

per  firm  selected  were  previously 


numbers  of  harveseors  and  rc 


program.  The  remainder  of 
example  and  Che  results  of 


elvers,  profits  before  and  aftei 
, and  landings  with  and  without 


Assumptions 


were  arbitrarily  assigned  and  were  assumed  politically 
administrative  costs  for  implementation  and  enforce- 


Lobster  fishermen  were 
select  the  alternative 


profit  maxl- 


which  was  most  profitable 


to  their  individual  firm. 

by  the  minimum  number  of  firms  (400  in  total)  required  to  land  the  de- 
sired industry  harvest  level  of  5 million  pounds  for  a given  level  of 
traps  per  firm.  Rebate  receivers  were  maintained  at  their  previous  pro- 
fit levels.  License  fees  were  assigned  with  several  objectives  in  mind, 
one  of  which  was  to  allow  harvesters  to  earn  a profit  at  least  five  per- 
cent higher  than  their  previous  level  (Column  12). 

Another  major  objective  in  assigning  the  level  of  the  license  fee 
was  to  collect  the  required  revenue  to  maintain  a self-supporting  pro- 
gram, assuming  administrative  costs  were  not  greater  than  $250,000.  In 


addition,  higher  license  fees  were  assessed  for  firms  fishing  larger 
numbers  of  traps  since  profit  percentages  per  firm  increase  as  the  num- 
ber of  traps  per  firm  Increases.  License  fees  ranged  from  $1,000  for 


firms  fishing 


regardless  of  whether  a license 


fee  was  assessed  because  t! 
firms.  Underlying  criteria  used  to  arbitrarily  assign  program  costs  and 

to  be  supervised  and  relative  profit  levels  of  these  firms. 


The  maximum  number  of  firms  required  to  harvest  the  desired  industry 
level  of  5 million  pounds  was  estimated  to  be  171  firms  fishing  700  traps 
each  (Table  17).  If  only  this  number  of  firms  choose  to  participate  in 


try  would 


before  the 


g the  regulatory  agency  sec  the  license  fee  at  $11,500  to 


■am.  Rebate  receivers  would  collect  as  much  as  they  wen 
ic  program  without  expending  any  costs.  In  addition. 


Total  industry  profits  could  increase  (often  including  license  fees)  by 
19.4  percenc.  Incomes  Co  fishermen  would  he  improved,  resources  would 
be  allocated  in  an  efficient  manner  and  the  stock  of  spiny  lobsters 
would  be  in  no  danger  of  over-exploitation. 


Assuming  618  and  500  crj 
l total  industry  profits  c( 
;e  program  compared  with  tl 


e prior  Co  Che  program, 
firm  (Xi)  would  decrease  profics  ft 


se,  MRT  uld  increase.  As  MRTSj,^ 

firms  increase  cocal  induscry  coses  and  thus  d 
(profits)  to  the  firms  and  the  Industry. 

With  Che  harvest  rebate  program,  profits 


firm  decreases,  thus 
million  pounds.  More 


firm  (Column  12)  in- 


ing  618  and  500  traps,  respectively.1  License  fees  were  assumed  at 


$9,500  and  $5,000,  respectively,  to  cover  rebate  payments  plus  a balance 
of  $136,970  and  $25,412,  respectively.  For  administrative  costs.  Ac  618 
traps  per  firm  (Column  16)  210  firms  received  a rebate  for  not  fishing 

firm  decreased  to  500  because  more  firms  are  needed  to  harvest  the  as- 

try  profits  increased  15.9  percent  with  618  traps  per  firm  and  12.5  per- 
cent with  500  traps  per  firm. 


)0  budget  assumption  license  fees  would  have  to  in- 
parentheses)  to  a level  that  will  generate  the  re- 
example,  if  the  harvest  rebate  program  was  imple- 


be  154.  Maximum  revenues  to  the  state  (Column  9)  would  be  $1,596,540, 
while  program  costs  for  payments  to  rebate  receivers  would  be  $1,204,588 
(154  X $7,822).  The  $5,000  license  fee  would  pay  for  rebate  payments 

deficit  the  license  fee  would  need  to  be  increased  to  $6,000,  resulting 

(Column  12) . In  the  case  of  429  traps  per  firm  the  required  revenues 
could  not  be  raised  without  decreasing  profit  per  firm  to  less  than  5 
percent.  In  this  case  the  program  was  not  able  to 


totally  support 


>0  deficit  (Column  14).  Only  $328,000  of  the  $529,560 

pared  with  profits  outside  the  program.  To  help  make  up  the  deficit  in 
rebate  payments,  the  license  fee  would  have  to  be  increased  to  $1,535 

to  a profit  level  less  than  what  they  were  making  fishing  for  lobsters, 
may  be  a feasible  alternative. 


needed  to  harvest  the  4.5  and  3.4  million  pounds,  respectively.  Since 
more  firms  would  be  requlrod  to  harvest  the  desired  level  of  5 million 

rently  exist  are  required  to  harvest  HEY  (Rows  7 and  8).  The  average 
product  per  firm  with  350  traps  was  11,241  pounds  and  with  200  traps  was 

1,416  firms  with  200  traps  each,  could  be  allowed  in  the  Industry  to 


Overall  si 


selected  industry, 1. 
ic  program,  whereas 


lendings  without  the  program  would  have  ranged  from  7.1  to  l.A  million 
pounds,  assuming  all  A00  firms  In  the  industry  fished  (Columns  3 and  A). 

limited  to  350  or  less  traps  each.  Firms  were  limited  to  328  if  each 

.ncreased  in  the  range  from  17.3  to  38.7  percent 

ranged  from  $2.3  million  (1000  traps  per  firm) 
ips  per  firm)  and  was  paid  for  by  licesne  fees 

each  (Columns  11  and  1A).  Except  for  a $26,000 
.rm  fishing  A29  traps  the  program  was  totally  self 
payments  were  maintained  at  their 
ral  industry  profit  with  the  program 


(Column  12),  for  429  a 
Total  program  cos 
to  $0.5  million  (A29  t 

firms  fishing  A29  firs 
previous  incomes.  The  increase 


ranged  from  7.3  percent  assuming  A29  traps  per  firm  to  A8.8  percent  as- 
suming 1000  traps  per  firm. 

tions  to  determine  if  a license  should  be  purchased  or  a rebate  payment 
received.  To  aid  in  this  decision  making  proce 


Criterion 


ta  obtained  from  the  croi 
provide  an  Indication  o 


criterion  (BEC  in  Column  17,  Tabic  17)  was  base!  on  the  total  cost  or 
total  investment  of  the  firm.  This  information  was  transformed  into 
average  product  per  trap  required  to  cover  operating  costs  and  license 
fee.  Thus  a given  firm  may  decide  to  fish  a particular  season  if  the 
owner  feels  he  is  capable  of  harvesting  an  amount  equal  to  or  greater 


Column  11,  Table  17)  was  divided  by  the  number  of  traps  fished  per  finn 

(P  ).  Total  firm  cost  includes  the  new  license  fees.  The  result  was 
the  average  product  per  trap  (Q/Xj)  required  to  cover  costs. 

various  daca  used  in  this  study  were  compared  with  estimates  of  BEC  for 
comparable  input  levels.  Landings  per  trap  CQ/Xj>  for  the  industry  from 

cross-sectional  sample  ranged  from  a mini- 
10  data  in  Table  18  illustrate  the  median 


and  601  traps,  respectively, 
for  firms  fishing  560  traps, 
and  mean  landings  per  trap  foi 
(X|)  in  the  sample. 

The  relatively  low  value! 

trap  (Q/Xi)  with  the  harvest  i 


may  be  due  to  over-capitalisation  in 
raps.  Estimated  average  landings  per 
ate  program  are  higher  than  comparable 
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lobster  industry 


I 200-399  400-499  500-599  ■ 


Median  21. 8( 
Observations  ' 


breakeven  estimates  (DEC)  as  illustrated  in  Table  19.  Estimated  land- 
ings per  trap  (Q/Xi)  were  derived  by  dividing  the  total  number  of  firms 

after  the  program.  Since  the  breakeven  criterion  of  landings  per  trap 
was  below  the  estimated  actual  landings  per  trap  the  firm  would  have 
some  flexibility  in  its  decision  on  whether  to  fish  or  not. 

28.17  pounds  per  trap  for  1,000  traps  per  firm.  The  figures  in  paren- 

<r  doficlt  program  costs  illustrated  in  Table 

5.02  to  42.54  pounds  per  trap,  thus  resulting  in  a range  of  54  to  21 


Q/X,  c 


(Column 


First,  the  estimation  of  traps  per  firm  could  be  reevaluated.  As 
previously  mentioned,  considerable  effort  and  funds  could  be  spent  to 


license  applica- 


applied  for  a license.  In  the  short-run. 

Finally,  another  problem  might  be  that  estimates  of  input  and  oc 
prices  could  be  different  from  various  sectors  of  the  industry.  The 


following  year  based 


1 alternative.  Its  features  include  increased  profits  to  the  Industry 

lore  efficient  harvesting  through  such  activities  as  economies  of  scale, 
lore  importantly  Che  rebate  program  would  allow  the  fishermen  to  make 


the  decision  of  whether  or  not  to  fish.  It  could  also  lead  to  improved 
stock  and  fishing  grounds  since  fewer  traps  and  craft  would  be  employed 
in  the  harvesting  process  of  Che  industry. 


SUMMARY 


CONCLUSIONS 


dous  growth  during  Che  past  two  decades  and  is  presently  the  second  most 
Important  fishery  in  the  state  in  terms  of  dockside  value  of  landings. 
Spiny  lobster  landings  in  Florida  exceeded  11  million  pounds  in  1973 
with  an  estimated  retail  value  of  over  $40  million.  Florida  landings 
represent  approximately  98  percent  of  total  U.S.  landings. 

The  tremendous  growth  in  landings  is  a result  of  a disproportionate 
increase  in  inputs  into  the  fishery.  Number  of  spiny  lobster  firms, 
number  of  traps,  and  size  of  firms  (gross  tonnage)  have  increased 
throughout  the  past  two  decades.  The  rate  of  increase  has  been  greatest 
since  1965.  The  increase  in  number  of  firms  and  total  traps  fished  was 
BO  percent  and  242  percent,  respectively,  between  1965  and  1972.  During 


1960  to  over  $9.00  per  pound  in  1975  has  induced  the  growth  in  Inputs 

problem  addressed  in  this  dissertation  was  that  of  answering  economic 
questions  relative  to  Industry  growth.  "Over  investment"  in  capital 
(gear  and  craft)  and  labor  (fishermen)  has  occurred  in  on  effort  to 
harvest  a relatively  fixed  supply.  The  increased  fishing  effort  in 


the  fishery  also  raises  concern 
exploitation"  of  the  fishery  stc 

extent  of  fishing  effort  in  the 

native  management  programs  whici 

models  were  developed  for  the  F] 


im  economic  yield,  and  (b)  analyse  nlter- 
i would  allow  for  a more  efficient  utilf- 
» achieve  these  objectives,  two  analytical 
Lorida  Keys  spiny  lobster  fishery.  A 

The  second  model  (firm  harvest  function) 


h respect  to  estimated  optimum  levels  of 


models  the  impacts  of  sell 

The  scope  of  the  study  was  defined  to  include  only  the  Florida 
domestic  landings  are  landed  in  Monroe  County. 

peraturc.  The  mathematical  form  of  the  model  was  a reciprocal  equation 
which  represented  behavior  consistent  with  suggested  theory  and  the  cur- 

were  used  for  estimation.  The  overall  explanatory  power  was  high. and 
each  coefficient  was  statistically  significant  in  the  model. 


tically  designed  sample  were  interviewed  in  1974  concerning  specific 
aspects  of  the  spiny  lobster  harvesting  process.  This  data  was  used  ti 
analyze  the  lobster  harvest  function  for  a given  stock  level  on  a per 
firm  basis.  A Cobb-Douglas  functional  form  model  was  used  to  relate 
firm  landings  to  the  number  of  traps  fished  and  fishing  intensity. 


number  of  weeks  fished,  and  size  of  the  craft.  Lo 
grounds  was  entered  in  the  model  to  adjust  for  are 
ing  conditions.  All  variables  with  the  exception 
able  were  highly  statistically  significant.  The  c 

function  for 
observing  the 


ation  of  fishing 
>f  one  location  var: 


substituted  into  the  bioeconomic  industry 
i to  complete  the  industry  analysis. 

estimated  maximum  industry  landings  as  traps  per 
maximum  levels  employed  in  the  industry.  The  estimated  range  in 

estimate. 

maximum  economic  profit  would  he  attained.  Maximum  economic  yield 


was  estimated  to  be  5.8  pillion  pinnule . The  optimum  level  of  firms  was 
determined  to  be  213,  each  fishing  795  traps.  Estimates  were  based  on 

firm  and  per  trap.  These  optimum  levels  would  require  a reduction  of 
47  percent  in  number  of  firms  and  a slight  reduction  of  1,836  traps  in 


the  total  industry  from  1973  leve 
increased  approximately  16  percent  over  1973-74 

tion  and  product  prices.  As  usual,  maximum  ecor 
the  predicted  maximum  sustained  yield. 


industry  landings  wi 


rt-run , further  analyses  were  completed. 


I (b)  alternative  levels  o 
it  politically  realistic  1< 


which  represented  current  sto 
analyses  provide  information 
the  industry  if  the  major  objective  of  the  regulatory  agency  was  to 

and  product  price.  Total  industry  profits  would  be  maximixed  with  22! 
firms  using  value  marginal  product  analysis,  thus  defining  the  range  . 


maximizing  objectives  of  the  regulatory  agency.  As  a result,  total  In- 
dustry landings  would  range  from  3.87  million  pounds  with  121  firms  to 

Considerable  substitution  between  number  of  traps  per  firm  and  num- 
ber of  firms  can  be  made  without  changing  the  level  of  landings  thus 
providing  numerous  policy  alternatives.  Rates  of  substitution  between 
numbers  of  traps  per  firm  and  number  of  firms  were  determined.  Beyond 
400  firms  substantial  increases  in  number  of  firms  would  be  required  to 
maintain  landings  due  to  a reduction  in  traps  per  firm.  An  analysis  of 

where  profits  are  positive  was  presented  with  the  use  of  isoquant  map. 
The  conclusion  was  that  profits  would  not  be  possible  if  more  than  900 
firms  would  enter  the  industry,  nor  would  it  be  feasible  for  a firm  to 


behavior  of  the  spiny  : 
traps,  license  firms  ai 


study  "management"  was  defined  to  include 
, of  inputs,  as  well  as  increasing  or  decreas- 

fishcry  under  programs  which  would  license 
• landing  quotas.  Finally,  an  alternative 


nagement  scheme,  entitled  "bar 


sc  rebate  program,"  was  suggested, 
ects  of  the  traditional  system. 

or  profit  maximization. 


Licensing  of  traps  appears  Tangible  In  a theoretical  framework  if 
performed  in  conjunction  with  some  form  of  "grandfather  clause"  legisla- 
tion. The  objective  would  be  to  increase  costs  per  trap  to  a level 


ginal  product  would  be  equal  to  the  marginal  factor  cost  of  a trap, 
firms  and  results  showed  that  typical  firms  in  the  industry  vould  be 

would  be  needed  to  maintain  the  desired  5 million  pound  level  for  land- 
be  feasible  since  policing  the  number  of  traps  per  firm  would  be  dlffi- 

cal  motive  of  increasing  marginal  factor  costs  of  the  firm  to  a level 

program  may  or  may  not  limit  the  number  of  traps  fished  and/or  landings. 

The  analysis  showed  profit  per  firm  was  maximized  with  121  firms, 
while  total  industry  profit  was  maximized  with  211  firms  in  the  indus- 
try. Total  landings  were  3.87  million  pounds  for  121  firms  compared 

694  firms  entered  the  Industry  no  profits  were  earned.  If  each  firm 


Licensing 
lacing  entry  of  effort 


a desired  hi 


s (number  of  firms)  would  have  to  be  regu- 
lated. Tile  number  of  licenses  issued  would  be  based  on  the  regulatory 

and  expected  prices  of  inputs  and  outputs.  Furthermore,  if  traps  were 
not  regulated,  limiting  the  number  of  firms  would  not  guarantee  that 

Landing  quotas  could  be  useful  as  a management  tool  for  expedient 
adjustments  to  precisely  control  industry  landings.  Since  current  land- 
ings were  less  than  the  estimated  range  of  maximum  economic  yield  levels 
precise  control  of  landings  was  not  viewed  as  an  immediate  concern  in 
the  Florida  spiny  lobster  fishery.  Consequently,  an  example  of  the  in- 

simulated.  However,  a quota  fee  could  be  assessed  in  a similar  manner 


accurate  estimation  of  maximum  sustainable  yield  wc 

-not  necessarily  be  attained  since  Che  incentives  of 
still  remain;  and  (c)  the  fisherman1 


predetermined 


Effort  in  the  form  of  firms  would  be  limited  and  license  fee  would  be 
the  market  system  to  regulate  harvest  since  higher  license  fees  should 


programs  discussed. 

The  harvest  rebate  program  was  analysed  simulating  the  industry 

ranged  from  $17 .000  to  $1,000  per  firm,  with  the  optimal  number  of  firms 
ranging  from  140,  each  fishing  1,000  traps,  to  328,  each  fishing  429 

nient  equivalent  to  the  average  firm  profit  without  the  program  for  a 
specified  level  of  inputs.  The  increase  in  profit  per  firm  for  those 
fishermen  electing  to  pay  the  license  fee  ranged  from  38.7  percent  with 
140  firms  in  the  Industry  to  17.3  percent  with  328  firms  in  the  indus- 

flshing  618  traps.  Maximum  revenue  to  the  state,  given  the  assumptions 


analysis. 


the  minimum  pounds  per  trap  necessary  to  maintain  a profit  level  equal 


to  or  greater  tha 

n the  profit  level  without  the  program.  The  conclusion 

tag  328  firms,  ea 

ch  fishing  800  traps)  before  it  would  be  economically 

in  the  program  wo 

uld  operate  with  considerable  flexibility,  firm  and 

Industry  profits 

would  be  equal  to  or  greater  than  would  be  the  case 

without  the  progr 

am,  and  tho  program  would  be  totally  self-supporting. 
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APPENDIX 


CROSS -SECTIONAL  DATA  COMPUTATIONS 

Definitions: 

xi  “ (TR) , average  number  of  craps  fished  for  the  season. 

X2  = (PMK) , average  number  of  rounds  per  week  for  the  season, 
xj  ■=  (MX),  number  of  weeks  fished  during  season  (36  maximum), 
xi)  * (LOWD),  sire  of  hull  in  square  feet;  computed  as  hull  length 


PULI.  » pulling  a trap  out  of  the  water  once  (also  termed  hauling) . 

TOTAL  PULLS  = total  number  of  times  a trap  was  pulled  (P)  out  of 
the  water  (could  be  same  or  different  trap(s)). 


SET  PERIOD  = length  of  time  a trap  sets  between  pulls  (SP). 


(or  known): 


DERIVATIONS: 
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TOTAL  PRODUCT  AND  MARGINAL  PRODUCT 
EQUATIONS  FOR  FIRM  HARVEST  FUNCTION  MODEL 


<*2)  - PKK 


In  MP  - 8.5787272  - .5601  In  x2 


(*j>  - KEEKS 

In  q - 7.985025  + .3721  In  *j 


In  MP  = 7.101433  - .6279  In  xj 


7.4999502  + .3088  In  xq 


(z)  --  DAYS  IN  SET  PERIODS 


4.23501  X|9lx383XqB,|z"(62 


APPENDIX 


Comparison  of  spiny  lobster  production  practices  by  c: 
length  for  firms  sampled,  Florida  Keys,  1973-74  seasoi 
economic  study  of  Florida  spiny  lobster  industry 


Craft  length  (feet) 


Percent 

Traps  fished  per  day 
Hours  fished  per  day 


reflect  averages 


APPENDIX 


(Table  18  Computations) 


2) J 4 [(Column  6)  x 400]  - 1 


17.  B.E.C.  - [(Column  5)  + (Column  11)1  s [(Column  1)  x (1.08)] 


SPINY  LOBSTER  FIRM  SURVEY  QUESTIONNAIRE 
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